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PREFACE

The first edition of this book was quite favorably received

by competent critics, but it was noted that the analysis of

butter and cheese was too briefly treated. It is hoped

that this objection has been removed in the present edition.

A large amount of matter has been added concerning those

topics ; all the processes of analysis which have practical

value in detecting butter adulteration have been given in

delail, many from the latest publication of the A. O. A. C.

A large addition has been made to the Chapter on Cheese,

and a brief note on the fermented milk beverages. Other

features have not been neglected. Considerable matter

has been added in relation to the determination of lactose,

among which may be mentioned Wiley and Ewell's recently

described process of double dilution and polarization,

and Allen's manipulation of Pavy's solution. The tables

for determining total solids by Hehner and Richmond's

formula have been recalculated according to Richmond's

corrected formula.

Concerning the rapid method of fat-extraction with

which our names are connected, we desire to say that the

taking out of a patent was rendered necessary by some

business arrangements over which we had no control and

which, at that time, seemed to require such action to pro-

tect a reputable merchant from serious loss. The amount
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paid was small and an offer has since been made to repur-

chase the patent for the sum originally paid for it, the

intention being to make its use free, but the negotiations

failed. We also deem it proper to say that the originality

of the discovery rests only on the chemicals employed in

liberating the fat. The application of centrifugal machinery

to the separation of liquids of different specific gravity

dates from more than a generation ago and cannot be now
allowed as an invention. We have regretted that a foreign

chemist has appropriated, without acknowledgment, the

special features of our method.

As in the first edition, we have relied largely upon the

contributions published in the " Proceedings of the Asso-

ciation of Official Agricultural Chemists," and in The
Analyst. H. L.

W. B.

775 Walnut Street, Philadelphia,

September, i8gb.
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NATURE AND COMPOSITION OF MILK.

Milk, the nutritive secretion of nursing mammals, con-

sists of water, fat, proteids, sugar, and mineral matters.

Cow's milk, being of the greatest importance to the analyst,

will receive the largest share of attention, and will be under-

stood to be meant in all cases, unless otherwise stated.

With rare exceptions, the secretion of milk takes place

only as a result of pregnancy and delivery at term, and

continues for a variable period. The chemistry of its

formation is not entirely understood. The organic in-

gredients do not exist in appreciable quantities in the

blood, and must, therefore, be elaborated by specific

secretory action.

Fat.—This occurs in globules varying from .0015 mm.
to .005 mm. in diameter, in a condition which prevents

spontaneous coalescence. According to Gutzeit, the aver-

age size of the globules is affected by many circumstances,

such as change of weather, of food, or locality. During

the whole time of lactation they regularly diminish in

diameter. Among cows of the same breed their average

size, extending over the whole lactiferous period, is fairly

constant. The properties exhibited by the fat-globules

have been regarded as indicating the existence of a mem-

brane surrounding them, but they may be explained with-

out such an assumption. If an envelope of any kind exists,

it probably is merely a liquid one, such as the film of a

soap-bubble.

B 9



lO NATURE AND COMPOSITION OF MILK.

The fat of milk consists of a mixture of the ethers of

tritenyl (C3H5), but is peculiar among animal fats in con-

taining a notable proportion of acid-radicles with a small

number of carbon atoms. Thus, about gi per cent, con-

sists of stearin, palmitin, and olein, and the remaining

nine per cent, of butyrin and caproin along with minute

amounts of caprin, myristin and caprylin, and some others.

The exact arrangement of these constituents is not known,

but the weight of opinion is that milk-fat is not a mixture

of simple fats, but that several acid radicles are united to^

the same tritenyl molecule.

The following results of the analysis of a sample of but-

ter-fat are given by Dr. Bell :

—

Per cent.

Butyric acid, 6.1

Caproic, caprylic, and capric acids, .... 2.1

Myristic, palmitic, and stearic acids, . . . 49.4
Oleic acid, 36.1
Glycerol (calculated), 12.5

According to Duclaux, the mean composition of butter-

fat is probably :—
Per cent.

Palmitin, stearin, olein, with traces of my-
ristin and butin, 91.5

Butyrin, . 4.2

Capronin, 2.5
Caprylin, caprinin, laurin (traces), .... r.8

lOO.O

Proteids.—The nature of the proteids of milk has been

much discussed, but it is now generally conceded that

there are at least three forms, casein, albumin, and globu-

lin, the casein being present in by far the greater amount,
and the globulin as traces only.

Casein.—Casein is in large part, at least, in a gelatinous
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(colloidal) form, probably in combination with calcium

phosphate. It is precipitated from this condition by

acids, rennet, magnesium sulfate, and other substances.

Acids precipitate the casein by breaking up the combina-

tion with calcium phosphate. The action of rennet is

more complex. Hammersten has shown that it is depend-

ent upon the presence of calcium salts; thus, if the curd

precipitated by dilute acid be dissolved in dilute alkali

and the solution neutralized, it is unaffected by rennet,

but regains its coagulability by the addition of a solu-

tion of a calcium salt or, what amounts to the same thing,

a little of the whey from which the casein was precipitated.

It appears that rennet splits the casein into two proteids,

one of which is precipitated in the curd.

Halliburton uses the term " caseinogen " to designate

the form in which the casein exists when in solution or pre-

cipitated by acids, and reserves the term casein for the curd

produced by rennet.

Films of proteid matter occur abundantly in milk, for

which reason it is distinctly opaque, even when all but a

trace of the fat has been removed by centrifugal action.

The albumin of milk appears to be a distinct form, and

is called lactalbumin. It is not precipitated by dilute

acids, but is coagulated by heating to 7o°-7S° C. The

proportion in cow's milk is usually from 0.35 to 0.50 per

cent., but colostrum may contain much larger proportions.

S^belien gives the composition of lactalbumin as fol-

lows :

—

Carbon, 52.19

Hydrogen, 7.18 '

Nitrogen, i5-77

Oxygen, . . . . 23 '3

Sulfur, 1-73
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Globulin is present only in minute amounts in normal

milk, but colostrum may contain as much as eight per

cent. It is coagulated on heating.

Lactose.—This is the sugar of milk and is peculiar to it.

Richmond discovered in the milk of the gamoose a sugar

not identical with lactose; probably extended investiga-

tion of the milk of various animals will show the existence

of other forms of milk-sugar. Crystallized lactose has

the composition CijHjjOu -(- HjO. By heating to 125° C.

the water is expelled. It has a specific rotatory power of

-[-52.5, which is independent of concentration. Freshly

prepared solutions exhibit higher rotatory power, but after

twenty-four hours standing, at ordinary temperatures, or

immediately on boiling, the rotatory power is reduced to

the figure given above. Alkaline solutions ofcopper salts are

readily reduced by lactose at the boiling temperature.

Richmond has shown that continued heating of a solution

of milk-sugar causes caramelization and diminution of the

rotatory power, but the reducing power to alkaline copper

solution is not sensibly affected even after heating for two

hours. In contact with yeast, lactose undergoes alcoholic

fermentation, but with difficulty. It undergoes the lactic

fermentation, however, very readily under the influence

of certain microbes. When milk is evaporated rapidly to

dryness, as in the determination of total solid residue, the

milk-sugar is left in the anhydrous state.

Citric acid is a normal constituent of the milk of various

animals. In human milk, the quantity is about 0.5 gram
to the liter, in cow's milk from i to 1.5 grams. It is not

dependent on the citric acid present in the food.

Minute amounts of nitrogenous bases and a starch-

liquefying enzym also occur.
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K,
Na,

CI,

CO,

.113 per cent, (of milk)

.0126

The ash of milk has the following composition :

Ca,

Mg, .

Fe, . . . .0002

.146

.082

.263
traces

. 169

.020

Colostrum.—This term is applied to the milk secreted

in the early stages of lactation. It usually differs marked-

ly from ordinary milk. It contains characteristic struc-

tures known as colostrum corpuscles. These are ameboid

bodies several times as large as the fat-globules. They are

present for a variable period—three to fourteen days—but

may persist much longer. Colostrum usually contains

much less fat than fully developed milk, but a larger pro-

portion of proteids, the increase being principally in the

albumin, though Emmerling has found over 8 per cent, of

globulin. The large proportion of albuminous matter

causes colostrum to coagulate on boiling. Lactose is in

small amount and is said to be largely replaced by another

carbohydrate.

The following analysis is the average of the colostrum of

22 cows. (Eugling.)

Fat, . .

Casein, .

Albumin,
Sugar,

Ash, . .

Total solids.

Colostrum is usually acid to litmus.

4
IS

28

37
83

8S
48

78

31
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COLOSTRUM. 15

Normal milk is an opaque, white or yellowish-white fluid,

with an odor recalling that of the animal, and a faint

sweet taste. The opacity is due partly to the fat-globules,

but when these are entirely removed the liquid does not

become transparent. The reaction of freshly drawn milk

is amphoteric to litmus, that is, it turns the red paper blue

and blue paper red. The specific gravity varies between 1028

and 1035. It usually undergoes a gradual augmentation

(sometimes termed Recknagel's phenomenon) for a con-

siderable time after the sample has been drawn. The
increase may amount to two units. The specific gravity

becomes stationary in about five hours if the milk be

maintained at a temperature below 15" C, but at a higher

temperature it may require twenty-four hours to acquire

constancy. The change is not dependent on the escape of

gases, and is believed to be due to some molecular modifi-

cation of the casein, possibly under the influence of an

enzym.

Unless collected with special care and under conditions

of extreme cleanliness, milk always contains bacteria and

animal matter of an offensive character, such as epithelium,

blood and pus cells, particles of feces and soil. Many
minute organisms, especially bacteria, propagate with great

rapidity in milk and produce changes in its composition.

Some specific organisms, such as the Spirillum cholera,

multiply to only a limited extent in ordinary milk, being

hampered by the bacteria normally present, but when
introduced into sterilized milk increase with great rapidity.

At ordinary temperature milk soon undergoes decompo-

sition under the influence of the microbes present, by

which the milk-sugar is converted principally into lactic

acid, and the proteids partly decomposed and partly coag-
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ulated. The liquid becomes sour and the fat is enclosed

in the coagulated casein.

In the initial stages of decomposition the proteids fre-

quently undergo transformations into substances which are

the cause of the violent poisonous effects occasionally pro-

duced by ice cream and other articles of food into the

preparation of which milk enters.

Boiling produces coagulation of the albumin, some

caramelization of the sugar, and develops a greater facility

of coalescence on the part of the fat globules. Enzyms

and most microbes are destroyed. The skin which forms

on the surface of boiling milk is composed largely of

casein. It is due probably to the more rapid evaporation

at the surface of the liquid.

Partial freezing produces a concentration of the milk

solids in the part remaining liquid, while the solid portion

is deficient in them. The normal condition can, there-

fore, be restored only by thawing the entire mass and

mixing thoroughly.

Richmond has published the following analyses as show-
ing how great a difference may exist between the ice and
liquid portion. The ice amounted to about lo percent.:

—

Ice. Liquid.

Water, 96 23 86.62

Fat, 1.23 4.73
Sugar, 1.42 4.95
Proteids, 91 3.90
Ash, 21 .80

Specific gravity, . . 1009 io34-S

When milk is allowed to stand, some of the fat rises

gradually and forms a rich layer, constituting cream.

The proportion of cream depends on several conditions.
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The amount formed in a given time cannot be taken as a

measure of the richness of the milk. Water added to

milk causes a more rapid separation of the cream. When
milk is subjected to centrifugal action, a larger proportion

of cream is quickly obtained, nearly all of the fat being

removed. The following figures, given by D'Hout as aver-

ages, show the effect of the centrifugal action :

—

Whole milk. Separated milk. Cream.

Specific gravity, . 1032
Total solids, . .14.10
Sugar, 4.70
Casein, . . . 3.50

Ash, 0.79
Fat, 5.05

Buttermilk is the residue after removal of the butter by

churning. Vieth gives the following figures :

—

Total solids. Fat. Solids notfat. Ash.

g.03 0-63 8.40 0.70

8.02 0.65 7.37 1.29

10.70 0.54 10.16 0.82

The whey left after the precipitation of the curd by

rennet or acid still contains a notable amount of proteids.

The following analyses are by C. B. Cochran (/". A. C. S.,

1893' P- 347):—

1034



ANALYTIC PROCESSES.

The specific gravity determination is to be made only after

the spontaneous rise has ceased. This will require about

five hours, after the milk is drawn, if it has been kept

below 15° C, but at a higher temperature it will be neces-

sary to allow at least twelve hours. For all other deter-

minations the milk must be analyzed as soon as possible, as

it decomposes very rapidly at ordinary temperatures. The

following figures, published by Bevan, show that a con-

siderable loss in total solids may occur in twenty-four

hours :

—

Total solids. Loss.

Evaporated immediately, . . .11.73
" after 24 hours, . . 10,79 °-94

" 48 " . . 10.38 1.35
" " 120 " . . 9.42 2.31

The decomposition is very irregular and it is not possible

to determine, by estimation of the lactij: acid or other

products, the original composition of the milk. The

pipet used for taking a portion for analysis should have a

wide opening, that no cream may be retained when the

pipet is discharged.

SPECIFIC GRAVITY.

Air bubbles are held rather tenaciously by milk, and

care must be taken in mixing, preparatory to taking the

specific gravity, to avoid as far as possible the enclosure of

18
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air, and to allow sufficient time for the escape of any

bubbles that may be present. Determinations of specific

gravity of milk are understood to be taken at the tempera-

ture of 60° F., and samples at temperatures materially

different from this should be brought to it. If at a few

degrees above or below 60°, it will suffice to take the

gravity at once and obtain the correct figures by reference

to Table A. The specific gravity of normal milk varies

between 1028 and 1035. /^ince the specific gravity can

be raised by the abstraction of fat (skimming) and restored

by the addition of water, the figure taken alone cannot be

relied upon as an index of the character of the sample,

but in conjunction with the figure for fat or for total solids

it is of great value, as a check on the results furnished by

other determinations.

The simplest method of determining specific gravity is

by the lactodensimeter, a delicate and accurately graduated

hydrometer. The instrument must be immersed carefully

so as not to wet the stem above the point at which it will

rest. The instrument should be tested by immersion in

distilled water at 15° C.

The indications furnished by the lactodensimeter are

sufficiently accurate for most purposes, but its employment

necessitates a considerable amount of the sample.

More accurate determination can be made by the

]Vestphal balance. This is a delicate steelyard with a

counterpoised plummet, displacing 5 c. c. The plummet

being immersed in the milk, the equilibrium is restored by

weights, the value of which can be directly expressed in

figures for the specific gravity.

The principle of the Westphal balance may be applied

by means of an analytic balance and a plummet. The
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latter may conveniently consist of a short thermometer, or

a thick glass rod, having a bulk of from 5 to 10 c. c. It

is suspended from the hook of

the balance by a fine platinum

wire and its weight ascertained.

It is then immersed in distilled

water at 60° F. and the loss in

weight noted. The figure so

obtained is the weight of a

bulk of water equal to that of

the plummet. This having

been determined, the specific

gravity of a milk may be found

by immersing the plummet in it and noting the loss in

weight, which, divided by the loss in pure water, gives

the specific gravity.

The pyknometer or specific-gravity bottle furnishes a

means of accurate determination and is especially appli-

cable when only a small amount of liquid is available. It

is a small flask furnished with a perforated glass stopper.

It is provided with a counterpoise equal to the empty

flask and the weight of water that it carries is indicated.

These data may, of course, be easily verified, and any

error noted. The milk should be first brought to the

proper temperature, the bottle completely filled, the

stopper inserted, and the excess which flows out through

the perforation and around the sides of the stopper re-

moved by bibulous paper. The weight of milk divided by
that of the water which the flask will hold at the same

temperature gives the specific gravity.
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TOTAL SOLIDS.

This determination is made by evaporation in a shallow,

flat-bottomed dish, preferably of platinum, from 7 to 8 cm.

in diameter. The milk must be spread evenly in a thin

layer. If the ash is also to be determined, about 5 grams

should be accurately weighed in the dish, evaporated

rapidly to apparent dryness over the water-bath and the

heating continued in the water-oven until the weight, be-

comes practically constant, which will require about three

hours. If the evaporation be slow, some decomposition

occurs and the residue is brown, but if the larger portion

of the water be evaporated quickly, a white residue is ob-

tained. When the ash is not to be determined, it is more

convenient to follow the method suggested by Richmond,

using I to 2 grams, accurately weighed. The drying can

be completed in about one and a half hours.

When a higher degree of accuracy is desired, Babcock's

method (A. O. A. C.) may be employed as follows :

—

Provide a hollow cylinder of perforated sheet metal 60

ram. long and 20 mm. in diameter, closed 5 mm. from

one end by a disk of the same tpaterial. The perforations

should be about 0.7 mm. in diameter and the same distance

apart. Fill the cylinder loosely with from 1.5 to 2.5 grams

of freshly ignited woolly asbestos free from fine or brittle

material. Cool in a desiccator and weigh. Introduce a

weighed quantity of milk (about 4 gm.) and dry at 100°

C. to constant weight.

The residue will serve for the determination of the fat.

When rigid accuracy is not essential, it will suffice to

measure the portion of milk taken for this and other deter-

minations. Vieth uses a pipet graduated to deliver 5
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grams and finds that, working with whole and skimmed

milk, under the ordinary variations of temperature, the

error will not exceed o. i on the total solids and is less on

the fat.

A good plan is to use a 5 c. c. pipet and to wash out

that which adheres to the glass with a little water. The

specific gravity of the milk being known, the amount

taken can be calculated. The milk should be as near 60°

F. as possible.

ASH.
The residue from the determination of total solids is

heated cautiously over the Bunsen burner, until a white

ash is left. The result obtained in this manner is apt to

be slightly low from loss of sodium chlorid. This may be

avoided by heating the residue sufficiently to char it, ex-

tracting the soluble matter with a few c.c. of water, and

filtering (using paper extracted with hydrofluoric acid).

The filter is added to the residue, the whole ashed, the fil-

trate then added, and the liquid evaporated carefully to

dryness. The ash of normal milk is about 0.7 per cent,

and faintly alkaline j if the milk be watered the ash will

be less. The ash of milk' does not exactly represent the

salts present in the milk. On ignition, the phosphorus of

the casein is oxidized to phosphoric acid, which decom-
poses the carbonates formed by the ignition of the organic

salts of the milk, and liberates carbonic acid. A marked
degree of alkalinity and effervescence with hydrochloric

acid will suggest the addition of a carbonate.

The method of the A. O. A. C. is as follows : In a

weighed dish put 20 c.c. of milk from a weighing bottle,

add 6 c.c. of nitric acid, evaporate to dryness, and burn at

a low red heat until all form carbon.

^(£rtf-*/-«V^^^'^-«-y^'-«»-'

—



FAT. 23

FAT.

The method introduced by Wanklyn for the determina-

tion of fat by extracting it with ether from the total

solid residue, has been found to give results 0.5 per cent,

or more below the correct figure, and is therefore not

described.

Adams' Method.—This consists essentially in spread-

ing the milk over absorbent paper, drying, and extracting

the fat in a Soxhlet apparatus ; the milk is distributed in an

extremely thin layer, and by a selective action of the paper

the larger portion of the fat is left on the surface. It is

essential that the paper contain no materials soluble in the

liquid used for extraction. A paper, manufactured espec-

ially for this purpose by Schleicher & Schuell, is obtain-

able in strips of suitable size. Each of these yields to

ether from .001 to .002 gram of extract, which may usually

be disregarded.

The procedure is as follows : Five c.c. of the milk are dis-

charged into a beaker 5 cm high and 3.5 cm. in diameter.

The charged beaker is weighed, and a strip of the paper,

which has been railed into a coil, thrust into it. In a few

minutes the paper will absorb nearly the whole of the milk.

The coil is then carefully withdrawn, and stood dry end

downward on a sheet of glass.

With a little dexterity, all but the last fraction of a

drop will be absorbed by the paper. The beaker is again

weighed and the milk taken found by difference. It is of

importance to take up the whole of the milk from the

beaker, as the paper has a selective action, removing the

watery constituents by preference over the fat. The

charged paper is placed in the water-oven on a glass plate.
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milk-end upward, and dried. Usually about one hour is

sufficient. It is inserted in a Soxhlet continuous-extraction

apparatus, the tared flask of which should have a capacity

of about 150 c.c. and contain about 75 c. c.

of anhydrous, alcohol-free ether, or petroleum

spirit boiling at about 45° C. Heat is applied

to the flask by means of a water bath, or

by resting it on a piece of asbestos paper,

which is heated by a small flame. After the

coil has received at least ten or twelve wash-

ings, the flask is detached, the ether removed

by distillation, and the fat dried by heating in

an air oven at about 105° C, and occasionally

blowing air through the flask. After cooling,

the flask is wiped with a piece of silk, allowed

to stand ten minutes, and weighed.

Richmond states that to perform a rigidly

accurate determination attention to the follow-

ing points is necessary : The ether must be

anhydrous (drying over calcium chlorid and

distilling is sufficient). Schleicher & Schuell's

fat-free papers should be used and one should

be extracted without any milk on it, as a tare

for the others. Four or five hours' extraction

is necessary, and the coils should be well dried before ex-

traction is begun.

Thimble-shaped cases made of fat-free paper are now
obtainable and are convenient for holding the absorbent

material on which the milk is spread. The fine texture

prevents undissolved matter escaping. A case may be

used repeatedly. Sour milk must be thinned with ammo-
nium hydroxid before taking the portion for analysis.
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When the Babcock method has been used for determining

the total solids, the cylinder and contents maybe placed in

the Soxhlet tube and extracted with ether in the usual

way. In addition to weighing the fat, after evaporation of

the ether, it may be determined by difference, by drying

the extracted cylinder at ioo° C. and weighing. A still

higher accuracy is secured by performing all the drying

operations in an atmosphere of hydrogen.

Werner-Schmid Method.—This is a very satisfac-

tory and rapid method for the determination of fat and is

especially suitable for sour milk.

Ten c. c. of the milk are measured into a long test-tube of

50 c. c. capacity, graduated to tenths

c. c, and 10 c. c. of strong hydro-

chloric acid added, or the milk may be

weighed in a sm^U beaker and washed

into the tube with the acid. After

mixing, the liquid is boiled one and a

half minutes, or the tube may be

corked and heated in the water bath

from five to ten minutes, until the

liquid turns dark brown. It must

not be allowed to turn black. The

tube and contents are cooled in

water, 30 c. c. of well-washed ether

added, shaken, and allowed to stand

until the line of acid and ether is dis-

tinct. The cork is taken out, and a

double-tube arrangement, like that of

the ordinary wash-bottle, inserted.

The stopper of this should be of cork and not of rubber,

since it is difficult to slide the glass tube in rubber, and

c
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there is a possibility, also, of the ether acting on the rubber

and dissolving it. The lower end of the exit-tube is ad-

justed so as to rest immediately above the junction of the

two liquids. The ethereal solution of the fat is then blown

out and received in a weighed flask. Two more portions

of ether, lo c. c. each, are shaken with the acid liquid,

blown out, and added to the first. The ether is then dis-

tilled off, and the fat dried and weighed as above.

Leffmann-Beam Method.—Among the processes for

the rapid determination of fat those employing centrifugal

machines have been most satisfactory. The following

method can be applied very cheaply, both as regards the

original cost of the apparatus and of the chemicals required

for the test, the latter being usually no inconsiderable item

when many tests are made. The manipulation is very

simple.

Machines arranged for either two, four, six, eight, or

twelve bottles are manufactured. The process is covered

by patent in the United States, which has been assigned

to J. E. Lonergan, of Philadelphia.

The test-bottles have a capacity of about 30 c. c, and
are provided with a graduated neck, each division of which

represents one-tenth per cent, by weight of butter-fat.

Fifteen c. c. of the milk are measured into the bottle, 3
c. c. of a mixture of equal parts of amyl alcohol and strong

hydrochloric acid added, mixed, the bottle filled nearly

to the neck with concentrated sulfuric acid and the liquids

mixed by holding the bottle by the neck and giving it a

gyratory motion. The neck is now filled to about the

zero point with a mixture of sulfuric acid and water pre-

pared at the time. It is then placed in the centrifugal

machine, which is so arranged that when at rest the bot-
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ties are in a vertical position. If only one test is to be

made, the equilibrium of the machine is maintained by

means of a test-bottle, or bottles, filled with a mixture of

equal parts of sulfuric acid and water. After rotation for

from one to two minutes, the fat will collect in the neck

of the bottle and the percentage may be read off. It is

convenient to use a pair of dividers in making the read-

ing. The legs of these are placed at the upper and lower

limits respectively of the fat, allowance being made for the

meniscus ; one leg is then placed at the zero point and the

reading made with the other. Several years' experience

by analysts in various parts of the world has shown that

with properly graduated bottles the results are reliable.

As a rule, they do not differ more than one-tenth of i

per cent, from those obtained by the Adams process, and

are generally even closer. Richmond, as the result of an

exhaustive series of investigations, draws the following

conclusions :

—

1. As variations in the sulfuric acid and fusel- oil may
slightly influence the result, it is well to obtain large quan-

tities of these at a time, and by a few preliminary experi-

ments fix the factor necessary to convert scale readings

into percentages of fat.

2. It is advisable to use the same strength of acid (94 to

96 per cent. H2SO4 is convenient). This may be esti-

mated either by converting a known quantity into ammo-
nium sulfate, drying at 100° C, and weighing; titrating

the acidity with decinormal barium h3droxid, using

methyl-orange as indicator, and then igniting, and weigh-

ing the non-volatile matter (correcting for the barium sul-

fate formed); or deducing the strength from the density

(hydrometers are rarely of sufficient accuracy, and a pyc-
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noraeter should be used), and correcting by subtracting

twice the weight of the non-volatile matter.

3. If it be necessary to perform the experiment when

the atmospheric temperature is high, the milk and acid

should be cooled beforehand, or if this is not practicable,

the acid should be added in small portions (2 c. c.) at a

time, and the botrle shaken between each addition, or a

weaker acid may be used.

4. About half to three-quarters of a minute's revolution,

at the rate of from 1200 to 1500 revolutions a minute, has

been found the most convenient in practice. The machine

has not been found dangerous at this speed ; but, if wished,

a longer period of revolution at a slower speed is equally

efficacious.

For accurate work the factor for correcting the reading

on each of the bottles should be determined by comparison

with the figures obtained by the Adams or other standard

process.

Cream is to be diluted to exactly ten times its volume,

the specific gravity taken, and the liquid treated as a milk.

Since in the graduation of the test-bottles a specific gravity

of 1030 is assumed, the reading must be increased in

proportion.

A more accurate result may be obtained by weighing

in the test-bottle about 2 c. c. of the cream and diluting

to about 15 c. c. The reading obtained is to be multi-

plied by 15.45 and divided by the weight in grams of

cream taken.

The mixture of amyl alcohol and hydrochloric acid

seems to become less satisfactory when long kept. It is

best, therefore, not to make up large amounts at once.

The mixture should be clear and not very dark in color.
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Samples of amyl alcohol that produce a black solution

with hydrochloric acid are unsuitable. (See Appendix.)

Calculation Method.—Several investigators have

proposed formulae by which when any two of the data,

specific gravity, fat, and total solids are known, the third

can be calculated. Since fairly accurate determinations of

the fat and specific gravity can be made by rapid and sim-

ple methods, the formulae become very serviceable and

should always be used to check the results. That of

Hehner and Richmond has been almost exclusively used.

It is as follows :

—

F = .859 T — .2186 G
in which F represent the fat, T the total solids, and G the

specific gravity. This formula will suffice for ordinary

milks, but for poor skim milks it has been found necessary

to modify it as follows :

—

F=.8S9T — .2186G — .05 (^ — 2.5)

This correction is to be applied only when G divided by

T exceeds 2.5.

In these formulee, G represents the last two units of the

specific gravity and any decimal. Thus, if the observed

specific gravity be 1029.5, G will be 29.5.

A ready means of applying the formula is by the use of

Richmond's slide-rule. This has three scales, two of

which, for fat and total solids respectively, are marked on

the body of the rule, while that for the specific gravity is

placed on the sliding portion.

The divisions are as follows :—
Total solids, i inch divided into tenths

Fat, 1. 164 inches " " "
Specific gravity, . . . 0.254 " " " halves
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The rule is employed by adjusting the arrow point to the

graduation corresponding to the fat found, when the figure

for the total solids will coincide with that for the observed

specific gravity. This instrument does not take into con-

sideration the necessary correction for poor skim milks, but

the error from this cause will in no case exceed .08 per

cent, of fat and may usually be disregarded.

It has been found that the fat calculated by the above

formula is slightly higher than the actual amount. Re-

cently, Richmond has proposed a new formula

—

G
T= .2625 (1000 + G) -|- 1.2 F

1000

and finds the results obtained by it to agree much better

with accurate analysis.

The formula may be simplified as follows,

T=^+'F+r.4
4 5

and the result will not differ in extreme cases more than

.02 from those calculated from the more complex formula.

Results calculated from this formula will be found in

Table B.

A milk-scale to express the same relation may be con-

structed on which i per cent, total solids ^ i inch, 1 per

cent, of fat^ 1.2 inches, and i degree of gravity =r i^ inch
;

if the zero on the fat scale be placed on a line with 5 per

cent, on the total-solids scales, the arrow will be in its cor-

rect position : 0.14 (^) inch below 20 degrees on the spe-

cific gravity scale. By placing an arrow 0.14 inch below

the present arrow, existing milk scales will give a near

approximation.
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1

TOTAL PROTEIDS.

This determination is best made by calculation from the

figure for total nitrogen obtained by Gunning's modifica-

tion of Kjeldahl's process. The reagents and apparatus

required are as follows:

—

Standard sulfuric acid.—This should be about deci-

normal, the exact value being determined by precipitating

a measured volume with barium chlorid, collecting and

weighing the barium sulfate under the usual precautions.

Standard barium hydroxid.—This should be aboi(t deci-

normal. The volumetric relation between this solution and

the standard sulfuric acid must be accurately determined,

employing phenolphthalein as an indicator.

Acidpotassium sulfate mixture.—One part of pure potas-

sium sulfate is heated with two parts of sulfuric acid (strictly

C. P.) until the potassium sulfate is dissolved. The mixture

is semi-solid when cold but may be readily liquefied by

warming.

Sodium hydroxid solution.—A saturated solution in water.

A good quality of pulverized sodium hydroxid is now sold

under various trade names, e.g., "Lewis' Lye," "Banner

Lye," and these will be found satisfactory.

Digestion and distillation flask.—This has a body capable

of holding about 550 c. c, and a cylindrical neck about

18 cm. in length and 25 cm. in diameter. It is supported

on wire-gauze or asbestos, and the mouth may be covered

by a watch-glass or funnel during the digestion. For dis-

tilling, a well-fitting rubber stopper with delivery tube

should be attached. The tube should be of the same

diameter as the condensing tube, and should have one or

two bulbs, about 4 cm. in diameter, to prevent any solution
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being carried over by spurting. It should project slightly

below the stopper and be cut off obliquely.

Condenser.—The condensing tube must be of block tin

of an external diameter of about one centimeter. At least

30 centimeters of its length should be in contact with the

cooling water. The junction of the glass and tin tube is

made by a short, close-fitting rubber tube, and the tubes

are so bent as to slope toward the distilling flask. The

lower end of the tin tube is connected by a short rubber

tube with a glass bulb-tube which dips below the surface of

a measured volume (20 c. c.) of the standard sulfuric acid

in an Erlenmeyer flask of about 300 c. c. capacity.

Five c. c. of the milk are weighed or measured into the

flask and evaporated to dryness over the water-bath
; 30 c.c.

of the acid potassium sulfate mixture are added and heated

over the Bunsen burner. At first, frothing occurs and

white fumes escape, consisting chiefly of water-vapor. To
prevent loss of acid, the neck of the flask is now fitted

with a funnel which is covered with a watch glass. This will

cause the acid to condense and run back into the flask.

The operation is finished when the liquid is colorless, which

generally requires about an hour. When cold, the contents

of the flask are diluted with about 200 c. c. of water,

several pieces of ignited pumice dropped in, and sufficient

of the sodium hydroxid solution (about 50 c. c.) added to

make the mixture strongly alkaline. It should be poured

down the side of the flask so that it does not mix at once

with the acid. The flask is now connected with the con-

denser and the contents mixed by shaking. The liquid is

now distilled until the whole of the ammonium hydroxid

is collected, which will usually be the case when 150 c. c.

have passed over. The receiver and short tube dipping in
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it are then detached and the distillate titrated to determine

the amount of acid unneutralized. From this the amount

of ammonium hydroxid can be calculated, and the nitrogen

in this multiplied by 6.38 will give the figure for the total

proteids.

The A. O. A. C. recommends an indicator prepared as

follows; Three grams of cochineal are digested for several

days at room temperature in a mixture of 50 c. c. of strong

alcohol and 200 c.c. of water. The filtered solution is

used.

The Ritthausen Method for Total Proteids.—
This method depends on precipitation by copper sulfate

and sodium hydroxid. It is applicable only to fully de-

veloped milks ; the proteids of colostrum and whey are

only partially precipitated. The reagents are :
—

Copper sulfate solution.—34-639 grams of pure crystal-

lized copper salfate are dissolved and made up to 500 c. c.

Sodium hydroxid solution.—About 12 grams are dissolved

in 500 c. c. of water.

Ten grams of the milk are placed in a beaker, diluted

with 100 c. c. of distilled water, 5 c. c. of copper sulfate

solution added, and thoroughly mixed. The sodium

hydroxid solution is then added drop by drop, with con-

stant stirring, until the precipitate settles quickly and the

liquid is neutral, or at most very feebly acid. An excess

of alkali will prevent the precipitation of some of the

proteids.

The reaction should be tested on a drop of the clear

liquid, withdrawing it by means of a rod, taking care not

to include any solid particles. When the operation is

correctly performed, the precipitate, which includes the

fat, settles quickly, and carries down all of the copper.
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It is washed by decantation with about loo c. c. of water,

and collected on a filter (previously dried at 130° C. and

weighed in a weighing bottle). The portions adhering to

the sides of the beaker are dislodged with the aid of a

rubber-tipped rod. The contents of the filter are washed

with water until 250 c. c. are collected, which are mixed

and reserved for the determination of the sugar as de-

scribed below. The water in the precipitate is removed

by washing once with strong alcohol, and the fat by six or

eight washings with ether. The Soxhlet apparatus may
be used for this purpose. The washings being received in

a weighed flask, the determination of the fat may be

made by evaporating the ether with the usual precau-

tions.

The residue on the filter, which consists of the pro-

teids in association with copper hydroxid, is washed with

absolute alcohol, which renders it more granular, and then

dried at 130° C. in the air bath. It is weighed in a weigh-

ing bottle, transferred to a porcelain crucible, incinerated,

and the residue again weighed. The weight of the filter

and contents, less that of the filter and residue after igni-

tion, gives the weight of the proteids. The results by this

method are slightly high, since copper hydroxid does not

become completely converted into copper oxid at 130° C.

Richmond and Boseley {^Analyst, 1893) modify this pro-

cess by diluting the milk to 200 c. c, add.ing a little

phenolphthalein, and neutralizing any acidity by the

cautious addition of dilute sodium hydroxid solution,

then adding from 2.0 to 2.5 c. c. of the copper sulfate

solution. The precipitate is allowed to settle, washed, and
estimated as above.
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CASEIN AND ALBUMIN.

Twenty c. c. of the milk are mixed with 40 c. c. of a

saturated solution of magnesium sulfate and powdered

magnesium sulfate stirred in until no more will dissolve.

The precipitate of casein and fat, including the trace of

globulin, is allowed to settle, filtered, and washed several

times with a saturated solution of magnesium sulfate. The

filtrate and washings are saved for the determination of

albumin. The filter and contents are transferred to a flask

and the nitrogen determined by the method described above.

The nitrogen so found multiplied by 6.38 gives the casein.

The filtrate and washings from the determination of casein

are mixed, the albumin precipitated by a solution of tan-

nin, filtered, and the nitrogen in the precipitate determined

as above. The same factor is used.

On account of the difficulty of washing the precipitated

casein, we prefer to proceed as follows : 20 c. c. of the milk

are mixed with saturated magnesium sulfate solution and

the powdered salt added to saturation. The mixture is

washed into a graduated measure with a small amount of

the saturated solution, mixed, the volume noted, and

allowed to stand until the separation takes place. As much

as possible of the clear portion is drawn off with a pipet

and passed through a dry filter. An aliquot portion of the

filtrate is taken, the albumin precipitated by a solution of

tannin, and the nitrogen in the precipitate determined as

above.

The casein is found by subtracting the figure for albu-

min from that for total proteids.

For the separation of the proteids in milk, the methods

of Hoppe-Seyler and Rittbausen have been much used.
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The casein is precipitated by the addition of acetic acid to

the diluted milk, the action being rendered complete, in

the one case, by raising the temperature to 40° C, and in

the other by passing a current of carbon dioxid through

the mixture at ordinary temperatures. L. L. Van Slvke

(_/ A. C. S., Vol. XV, p. 635), as the result of a series of

investigations, finds these methods to give practically

identical results and recommends the following procedure
for the separation and estimation of the casein and albu-

min :

—

Casein.—Weigh out about ten grams of milk, dilute in

a beaker with about 90 c. c. of water at 40°—42° C, and
add at once 1.5 c. c. of a solution containing 10 per cent,

of acetic acid by weight. Stir with a glass rod, let stand
three to five minutes, decant on to a filter, wash two or
three times with cold water by decantation, transfer the pre-

cipitate completely to the filter, and wash it once or twice.

The washed precipitate and filter paper are then treated bv
the Kjeldahl-Gunning method for the determination of
nitrogen, and the estimation made in the usual manner.
To calculate the nitrogen into an equivalent amount of
casein, multiply by the factor 6.38.

Albumin.—The filtrate from the separated casein is

heated in boiling water for ten or fifteen minutes. The
coagulated albumin is collected in a filter, washed, and the
filter and precipitate treated by the Kjeldahl-Gunning
method. The amount of nitrogen multiplied by 6.38 gives

the amount of albumin.

Remaining tii/rogen compounds.—The remaining com-
pound or compounds of nitrogen are determined by differ-

ence, subtracting from the amount of total nitrogen com-
pounds the sum of the casein and albumin.

The albumin of condensed milk is partly coagulated by
the heat employed in its manufacture. When magnesium
sulfate is added, therefore, to precipitate the casein, the

coagulated albumin will be carried down at the same time
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and only the soluble albumin will be found in the filtrate.

Faber {Analyst, 1889) has applied this fact to the detection

of the previous heating of a sample of milk. Usually, only

about one-third of the albumin is found uncoagulated in

condensed milk.

SUGAR.

The following method, due to Soxhlet, employs a Feh-

ling's solution, made as required, by mixing equal parts of

the following solutions:

—

Copper sulfate solution.—34,639 grams of pure crystal-

lized copper sulfate are dissolved in distilled water and

made up to 500 c. c.

Alkaline tartrate solution.—One hundred and seventy-

three grams of pure sodium potassium tartrate, and 51

grams of sodium hydroxid of good quality, are dissolved

and made up to 500 c. c.

One hundred c. c. of the mixed filtrate obtained as de-

scribed on p. 33 are brought to boiling, 50 c. c. of boil-

ing Fehling's solution added, and the boiling continued for

six minutes. The precipitate is allowed to settle for a

sliort time, and the supernatant liquid poured through a

filter. About 50 c. c. of boiling water are added to the

residue, and the heating continued for a minute or two.

The precipitate is then conveyed to the filter, washed with

boiling water, with alcohol, and finally with a small quan-

tity of ether. The filter and contents are dried in the

water oven, the precipitate removed to a tared porcelain

crucible, the filter held over the crucible and burnt to ash,

which is added to the precipitate, and the cuprous oxid

converted into cupric oxid by strong ignition, for five or

ten minutes, over the Bunsen burner.
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The amount of copper reduced under the conditions de-

tailed above is not directly proportional to the milk-sugar

present. Table C shows the amounts of milk-sugar (C,2

H22 On -{- H2 O) equivalent to given weights of cupric

oxid. The volumes of Fehling's solution and sugar solu-

tion must conform strictly to the figures given above.

Many of the English analysts prefer to make volumetric

determinations by means of Pavy's modification of Feh-

ling's solution, in which strong ammonium hydroxid is used

to maintain the cuprous oxid in solution and thus permit

nicer determination of the end-reaction. Allen has in-

vestigated with great care the value of this method for

determining the form of glucose that occurs in urine and

finds that considerable variation may be made in the formula

of Pavy's solution without the oxidizing ratio being appre-

ciably affected, but it will be best to adhere closely to a

particular formula in milk determinations. A description

of the process is given in connection with analysis of con-

densed milks.

The determination of sugar may also be made by means

of the polarimeter after removal of the fat and proteids.

This may be effected by means of a nitric acid solution of

mercuric nitrate as suggested by Wiley.

The mercuric nitrate solution is prepared by dissolving

mercury in twice its weight of nitric acid of 1.42 sp. gr.

and adding to the solution five volumes of water.

Sixty c. c. of the milk are placed in a 100 c. c. flask and

10 c. c. of the mercuric solution added. The flask is filled

to the mark with water, well shaken, and the liquid filtered

through a dry filter. The filtrate, which will be perfectly

clear, may be examined at once in the polarimeter. Several

readings should be made and the average taken.
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It is to be noted that the actual volume of the sugar-

containing solution is loo c. c, less the space occupied by

the precipitated proteids and fat. The volume of fat is

found by multiplying the weight in grams by 1.075 ^^'^

the proteids by multiplying the weight by 0.8.

For example :

—

Sp. gr. of milk 1030, fat 4 per cent., proteids 4 per cent.

Milk taken = 60 X 1.03 ^ 61.80 gms.
The weight of fat = 4 per cent, of 61.80 = 2.47 gms.
The weight of proteids= 4 per cent, of 61.80= 2.47 gms.
The volume of fat = 2.47 X 1-075 ^= ^-^5 ^- ^
The volume of proteids = 2.47 X .8 ^ 1.97 c. c.

The bulk of the sugar containing liquid is therefore

100 — (2.65 + 1.97) = 95.38 c. c.

In order to avoid the calculation involved in taking

60 c. c. of the milk as given above, an amount may be

employed which is a simple multiple of the standard quan-

tity to be used in the polarimeter at hand. Thus, for

instruments adjusted so that 16.19 grams of sucrose (20.56

grams of milk-sugar) in 100 c. c. of the solution produce a

rotation of 100 degrees on the percent, scale, 61.68 grams

(20.56 X 3) may be weighed out directly for the purpose and

made up to 100 c. c. plus the volume occupied by the fat

and proteids, the latter being calculated as above. The

sugar-containing liquid will then be exactly 100 c. c, and

the reading on the polarimeter divided by three will give

the percentage of hydrated milk-sugar direct if a 200

mm. tube be employed. With a 400 mm. tube or 500

mm. tube the reading is to be divided by 6 or 7.5

respectively.

Polarimeters.—A discussion of the construction of the

various forms of polarimeters and of the optical principles
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involved, would be beyond the scope of this work. The

most economic instruments are the so-called half-shadow

instruments, using the sodium flame, and they are the most

satisfactory. They are so arranged that the field is divided

into semicircles which are equally illuminated when the

instrument registers zero. On the introduction of the

tube carrying the sugar solution, the illumination becomes

unequal and the angular rotation of the analyzer, which is

required to restore the original condition, measures the

rotation which has been caused by the sugar. Most instru-

ments are furnished with two scales, one showing the rota-

tion in angular degrees and the other expressing per cent,

directly. The latter reads to loo when a certain fixed

quantity of the material has been dissolved in water and

diluted to loo c. c.

The specific rotatorypower of a substance is the amount of

rotation of the plane of polarized light, in angular degrees,

produced by a solution containing one gram of the substance

in I c. c, examined in a column i decimeter long.

It is expressed by the following formula, in which
6^ is the specific rotatory power for light of wave length

corresponding to the D line of the spectrum (sodium

flame).

a is the angular rotation observed,

c is the concentration of the solution (weight in grams,

in ICO c. c. of the liquid), and

/is the length of the tube in decimeters.

^ loo a

Calculation of the amount of sugar corresponding to the

observed rotation may be made by substitution in the for-

mula.
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The specific rotatory power of milk-sugar is unaffected

by the concentration within the limits encountered in ordi-

nary milk-analysis. It is slightly affected by temperature,

being decreased by about .075 angular degree for each

successive rise of one degree Centigrade. The specific

rotatory power at 20'' C. is 52.5" when observed by the

sodium flame.

The employment of an arbitrary factor for correcting

for the volume of precipitate may be avoided by the so-

called method of " double dilution," in which two solutions

of different volume are compared. With the higher class

of polarimeters, the determinations may be easily made
within one-tenth per cent. The following is a summary
of the method given by Wiley and Ewell (y. A. C. S.,

1895, p. 428) who recommend it strongly. The instrument

used was the new triple-field shadow polarimeter made by

Schmidt and Haensch, which permits readings to be made
within 0.05 per cent. 32.91 grams of lactose dissolved in

100 c. c. gave a reading of 100. The amount of milk taken

was double this quantity, that is, 65.82 grams, which were

placed in a 100 c.c. flask, loc.c. of the acid mercuric nitrate

added, the flask filled to the mark, the contents well mixed,

filtered, and polarized. A similar quantity of the milk was

placed in a 200 c. c. flask and treated in the same way.

The true polarization is obtained by dividing the product

of the readings in the two flasks by their difference. Thus

in the paper above noted the following experiments are

recorded :

—

Heading in 200
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The figure for apparent percentage is obtained by dividing

tiie reading of the small flask by 4. The true percentage

is obtained by multiplying 10.15 by 20.84, dividing by

their difference (10.69), and taking one-fourth this quo-

tient.

Birotatioti.—When freshly dissolved in cold water, milk

sugar shovsrs a higher rotation than that given above. By

standing, or immediately on boiling, the rotatory power

falls to the point mentioned. In preparing solutions from

the solid milk-sugar, care must be taken to bring them to

the boiling point previous to making up a definite volume.

This precaution is unnecessary when operating upon milk.

MILK ADULTERANTS.
Water.—The addition of water to milk is usually de-

tected by the diminution in the amount of solids. It was

formerly supposed that normal milk does not contain ni-

trates, and since these are almost universally present in

surface and subsoil waters, it was suggested that the ap-

plication of some of the delicate tests for nitrates would

detect the addition of water, but Bevan has shown that

pure milk may contain nitrates, and Richmond obtained

a reaction for nitrates from the milk of a cow to which had

been administered a very small quantity of niter.

The addition of water decreases the specific gravity,

while abstraction of fat increases it. It is possible, there-

fore, by carrying out both methods of adulteration care-

fully, to maintain the same gravity as in the original sam-

ple, so that this datum alone will not suffice to detect

adulteration. Taken in conjunction with either the figure

for fat or for total solids, the specific gravity becomes' of
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direct value, and furnishes a means for deternaining, by

calculation, the remaining datum.

Vieth has pointed out that in normal milks the following

ratios obtain : Sugar : proteids : ash =13:9:2, and a

determination of these ratios may aid in the attempt to

distinguish genuine but abnormal milks from watered

milks. In the case of a watered milk the proportion

would remain unchanged, but in abnormal milk it has

been found to vary. Richmond finds that " the most con-

stant figure in normal milks is the proportion of ash to

solids-not-fat, which averages 8.3 per cent, and very rarely

passes outside of the limits of 8.0 per cent, and 8.5 per

cent. In cases of low solids-not-fat this proportion has

been disturbed, and the ash has had a higher ratio to the

solids-not-fat. In no case has the percentage of ash in

the milk fallen below 0.7 per cent., even in milks notably

below the limit. In an adulterated milk containing, say,

8 per cent, of solids-not-fat, the ash would usually be lower

than this—about 0.66 per cent.; this difference is small,

but as the ash is capable of being estimated with great ac-

curacy, it is significant. Other observers have found the

same thing."

For milk control in dairies, etc., it will suffice to take

the specific gravity by the lactodensiraeter (see page 19)

and the fat by the Leffmann-Beam method. From the

figures thus obtained the total solids can be ascertained by

Table B or Richmond's slide-rule.

Various substances are added to milk to conceal adulter-

ation or inferiority in quality. The most frequently em-

ployed are coloring matters. Sugar, salt, and starch have

been added to milk, but are of infrequent occurrence. It

has been stated that chalk has been added, but this is ob-
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viously unlikely. The coloring matters most frequently

employed are annatto and certain coal-tar colors. Cara-

mel, saffron, and carotin are occasionally used.

Annatto is easily detected by rendering the sample

slightly alkaline by the addition of sodium acid carbonate,

immersing in it a slip of filter paper, and allowing it to

remain over night. The presence of annatto will be indi-

cated by a distinct reddish-yellow tinge to the paper.

Coal-tar colors are detected by adding to the milk

ammonium hydroxid and allowing a piece of white wool

to remain in it over night. The dye is taken up by the

wool, which acquires a yellow tinge. When milk contains

Martins' yellow, ammonium hydroxid intensifies the color

and hydrochloric acid bleaches it.

Further information as to coloring matters will be found

under the analysis of butter.

Starch may be detected by the blue color developed

on the addition of solution of iodin to the milk, which

has previously been heated to the boiling temperature and

then cooled. Starch is very often added to ice-cream and

similar articles.

Salt and cane sugar are occasionally added to milk

that has been diluted with water. The former is easily

detected by the taste, the increased proportion of ash and^^

of chlorin. Cane sugar may be detected, if in considera- ^^

ble quantity, by the taste. The quantitative determination

is made by the methods described in connection with con-

densed milk.

Antiseptic substances are largely used, especially in the

warmer season, as a substitute for refrigeration. Many of

these are sold under proprietary names which give no indi-
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cation of their composition. Preparations of boric acid

and borax were at one time the most frequent in use, but

lately, formalin, a 40 per cent, solution of formaldehyde

(methyl aldehyde), has come into favor. Sodium benzoate

is now in common use as a preservative for cider, fruit-

jellies, and similar articles, and may, therefore, be found

in milk. Salicylic acid is not so much employed as in

former years. Sodium carbonate is occasionally used to

prevent coagulation due to slight souring.

R. T. Thomson ("Glasgow City Anal. Rep., 1895,"

quoted in Analyst, March, 1896) has studied the compara-

tive value of milk preservatives. He finds that a mixture of

boric acid and borax is more efficient than the acid alone.

The quantity generally used is equivalent to about one-half

gram of boric acid per liter. Formalin was shown to be

by far the most efficient antiseptic. In the proportion of

0.125 g''a-ra to the liter, it kept milk sweet for eight days.

Formaldehyde.—The presence of this body may

sometimes be detected by its odor developed on warming

the milk. Hehner's method, the most characteristic for

its detection, depends upon the fact that when milk contain-

ing it is mixed with sulfuric acid a blue color appears.

Richmond and Bosely showed that the delicacy of the test

is much increased by diluting the milk with an equal bulk

of water and adding sulfuric acid of 90 to 94 per cent., so

that it forms a layer underneath the milk. Under these

conditions, milk, in the absence of formaldehyde, gives a

slight greenish tinge at the junction of the two liquids,

while a violet ring is formed when formaldehyde is present

even in so small a quantity as one part in 200,000 of milk.

The color is permanent for two or three days. In the ab-

sence of formaldehyde, a brownish color is developed after
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some hours, not at the junction of the two liquids but

lower down in the acid.

Another test is by the use of Schiff's reagent—a solution

of magenta bleached by sulfurous acid. In presence of

an aldehyde a pink color is developed. This test is usu-

ally applied to the distillate from the milk, but Richmond

and Bosely consider it safe to use the whey produced by

adding dilute sulfuric acid to the milk. They point out

further that great care must be exercised in applying the

test. Excess of sulfurous acid must be carefully avoided

in preparing the reagent, since the color is not developed

in its presence. On the other hand, a red color is easily

developed in the reagent by warming, blowing air through

it, or even placing it in an uncorked bottle. Hehner has

shown that when a small amount of the reagent, say two

drops, is added to the distillate from the milk, a red color,

due to the oxidation of the sulfurous acid by the oxygen of

the water, is developed after some time, whereas no color

appears if a larger amount—say ten drops—has been added.

He recommends to add about five drops of the reagent to

the distillate (amounting to about 25 c.c.) from 100 c.c.

of milk, place the mixture in a stoppered cylinder, observe

the color next morning, and then add a few drops of sul-

furous acid solution. After a short time, any color which

may be due to oxidation will have vanished, while that due

to the presence of an aldehyde remains. There is a differ-

ence in the tint produced by color oxidation, which re-

sembles that of rosanilin, and that of the aldehyde com-

pound, which is violet ; and with the small amounts that

are often to be detected, only a comparison of the relative

colors would allow of anything like a safe conclusion being

drawn. Hehner also recommends the following as a sensi-
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tive and characteristic test : To the distillate from the milk,

add one drop of a dilute aqueous solution of phenol, pour

the mixture upon strong sulfuric acid contained in a test-

tube. A bright crimson zone appears at the line of contact.

This color is readily seen with one part of formaldehyde in

200,000 of water. If there is more than one part in 100,000,

there is seen above the red ring a white, milky zone, while

in stronger solutions a copious white or slightly pink, curdy

precipitate is obtained. This reaction has an advantage

over the one above referred to, in that it is obtained with

formaldehyde solution of all strengths, while the blue color

with sulfuric acid is not obtained with milk containing

much formaldehyde. Acetaldehyde also gives a coloration

and a precipitate with phenol and sulfuric acid, but it is

orange-yellow, not crimson.

Many hydroxy-derivatives of benzene, such as salicylic

acid, resorcinol, and pyrogallol, give the red color with

formaldehyde. Hydroquinone does not give the red color

but only an orange-yellow one.

The reaction only succeeds when carried out as described

above ; the phenol must first be mixed with the solution to

be tested, and the mixture poured upon the sulfuric acid.

Only a trace of phenol must be used. If the hydroxy-

compound is first dissolved in the acid and the formal-

dehyde solution then added, no color is obtained.

The precipitate obtained by sulfuric acid, formaldehyde,

and phenol is highly insoluble, and might be utilized

for the determination of the strength of dilute formalin

solutions.

Benzoates.—Two hundred and fifty to five hundred

c. c. of the sample are rendered alkaline by a few drops of

calcium or barium hydroxid, evaporated to one-fourth bulk,
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mixed with sufficient calcium sulfate, powdered pumice, or

other inert material as an absorbent, to make a pasty mass,

and dried on the water bath. When condensed milk is

examined, loo io 150 grams should be mixed directly with

sufficient absorbent material and a few drops of barium

hydroxid. The dry mass is finely powdered, moistened

with dilute sulfuric acid, and then exhausted three or four

times with about twice its volume of cold (50 per cent.)

alcohol, which dissolves benzoic acid freely, but only mere

traces of the fat. The alcoholic liquid which, in addition

to the benzoic acid, contains milk-sugar and mineral mat-

ter, is mixed thoroughly, neutralized with barium hydroxid,

and evaporated to small volume. The residue is acidified

with weak sulfuric acid and extracted with successive small

portions of ether. On evaporation, the ether leaves, almost

pure, the benzoic acid, which may be recognized by its

odor and volatility.

Boric Acid.—When boric acid or borates are not pres-

ent in quantities sufficient to appreciably increase the ash

of the sample, the quantitative determination is difficult.

The qualitative test is delicate. One hundred c. c. of

the sample are rendered alkaline with calcium hydroxid,

evaporated and ashed. Calcium hydroxid is preferred

because the ashing takes place more rapidly. The ash is

dissolved in the smallest possible quantity of strong hydro-

chloric acid, the solution filtered, and evaporated to dryness.

An appreciable loss of boric acid will not occur. The
residue is moistened with very dilute hydrochloric acid,

mixed with tincture of turmeric, and dried on the water bath.

The smallest trace of boric acid gives to the residue a ver-

milion or cherry-red tint.

Concentrated hydrochloric acid gives, with tincture of
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turmeric, a cherry-red color, which, however, disappears on

addition of water, and also becomes brown on drying, while

the boric acid color appears only on drying, and is not

destroyed unless much water be added, or at the boiling

point. The red color adheres strongly to the vessel, and

may be removed by alcohol. The flame test may be applied

to the residue, but it is not delicate.

R. T. Thomson (^Analyst, March, 1896) gives the fol-

lowing method for the estimation of boric acid. One
hundred c. c. of milk are mixed with from one to two

grams of sodium hydroxid, evaporated to dryness in a

platinum dish, the residue thoroughly charred, heated with

20 c. c. of water, and hydrochloric acid added drop by

drop until all but the carbon is dissolved. The bulk should

not be allowed to exceed 60 c. c. The liquid is trans-

ferred to a 100 c. c. flask, 0.5 gram of dry calcium chlorid,

a few drops of phenolphthalein solution added, then a

10 per cent, solution of sodium hydroxid until a permanent

pink color is produced, and then 25 c. c. of lime-water.

All the phosphate will be thus precipitated as calcium phos-

phate. The mixture is made up to 100 c. c, well mixed,

and 50 c. c. collected through a dry filter. Normal sul-

furic acid is added to this until the pink color is discharged,

then methyl orange is added and the acid again dropped

until the yellow tinge is just changed to pink. Fifth-nor-

mal sodium hydroxid is added (with care to avoid ex-

cess) until the liquid is yellow, At this stage all acids

likely to be present exist as salts, neutral to phenolphtha-

lein, except boric acid (which, being neutral to methyl

orange, is in the free condition) and a small amount of

carbonic acid that may be expelled by a few minutes' boil-

ing. The solution is cooled, a little phenolphthalein added,
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and as much glycerol as will give at least 30 per cent, of

that substance in the solution, and then titrated with fifth-

normal sodium hydroxid until the pink color appears.

Each c. c. of the alkaline solution equals 0.0124 of crys-

tallized boric acid. The process is satisfactory with milks

containing not over 0.2 per cent, of boric acid. The

charring must be carried only so far as to obtain a residue

which will give a clear solution with the hydrochloric acid.

Boric acid may also be estimated by Gooch's method

which is described in the analytic manuals. Hehner

{Analyst, 1 891) has modified the method by substituting

sodium phosphate for powdered lime. (See page 52.)

Salicylic Acid.—Fifty c. c. of the sample are treated

with acid mercuric nitrate for the removal of the fat and

proteids, as described in connection with the determina-

tion of milk sugar, and the liquid filtered. The filtrate is

shaken violently with about one-half its volume of a mix-

ture of equal parts of ether and petroleum ether. The

ethereal liquid is evaporated and a drop of neutral solution

of ferric chlorid added to the residue. If salicylic acid

be present, a characteristic violet color is developed. The

reaction is very delicate.

Sodium Carbonate.—The following .method, due to

E. Schmidt, is stated to be capable of detecting one-tenth

of one per cent, of sodium carbonate, or of sodium acid

carbonate.

Ten c. c. of the milk are mixed with an equal volume

of alcohol, and a few drops of a one per cent, solution of

rosolic acid added. Pure milk shows merely a brownish-

yellow color, but in the presence of sodium carbonate a
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more or less marked rose-red appears. The delicacy of

the test is enhanced by making a comparison cylinder with

the same amount of milk known to be pure. If the salt

is present in considerable amount, it may be detected by

the increase in the ash, its marked alkalinity and efferves-

cence with acid.

Preservation of jnilk samples.—For preserving milk sam-

ples for future analysis or comparison, various substances

have been suggested, among which are hydrofluoric acid,

alcohol, chloroform, carbon disulfid and formaldehyde.

Richmond reported {Analyst, 1889, p. 2) good results by

the addition of 0.5 per cent, of commercial hydrofluoric

acid. In a discussion at a meeting of the Society of Public

Analysts, in October, 1894 {Analyst, 1894, p. 247), Allen

stated that he had added to each sample twice its weight of

alcohol, but was not satisfied with this method, although it

had, in some instances, served a good purpose. Mr. Rich-

mond stated that he had been using formalin for a year and a

half; 0.05 per cent, will keep milk for a month and larger

quantities for an indefinite period.

Bevan has, however, noted the fact {Analyst, 1895, p.

152) that the total solids of milk containing formaldehyde

are always higher, and that the increase is much greater

than can be accounted for, even assuming that the whole

of the formaldehyde remains in the residue, which is im-

probable, since it is volatile. Experiments on pure solu-

tions of albumin, milk-sugar, and cane-sugar showed in

each case an increase in residue when evaporated with

formaldehyde. He has suggested that a small part, at

least, of the increase in weight observed, is due to the

formation of a non-volatile polymer of formaldehyde, and
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in the case of milk-residues the increase is largely due to

the conversion of milk-sugar into galactose.

Commercial solutions of formaldehyde, even after recent,

re-distillation, leave considerable residue,—probably the

polymer, paraformaldehyde,—when evaporated in a flat

dish in the manner employed in determining milk-solids.

Addendum to detection of boric acid.—E. A. Farrington

{J. A. C. S., Sept., 1896) has found that " preservaline
"

(which contains boric acid) added to fresh milk, increases

the acidity four times as much as when added to water in

the same proportion. He considers, therefore, that a milk

which exhibits an acidity equal to 0.36 per cent, of lactic

acid (8 c. c. of decinormal alkali to 20 c. c. of milk), and

does not smell nor taste sour, has been probably adulterated

with boric acid, since that proportion of lactic acid would

be distinctly evident to the senses.
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VARIATIONS IN COMPOSITION.

Average Proportion of Solids in Milk.—The
most extensive data on this point are those obtained by

Vieth, a summary of whose results, covering a period of

eleven years, was published in the Analyst of May, 1892.

The total number of samples was 120,540, and although

some changes had been made in the methods of analysis

since the beginning of the work, the results were recalcu-

lated so as to be strictly comparable. The averages of the

entire series were as follows :—

•

Fat, 4.1 percent.
Non-fatty Solids, 8.8 "
Total Solids, 12.9 "

Seasonal Variations in the Composition of

Milk.—The diagrammatic synopsis of Vieth's results

{Analyst, 1892) shows that a notable variation in the

proportion of ingredients occurs during the year. The
poorest .quality occurs during the first half of the year,

especially in April. A low figure is also frequently noted

about July. In autumn the quality rises, being highest in

October and November.

The figures show that the variations in the total solids

are due mainly to the variations in fat, but not entirely,

for an increase in the proportion of fat is usually attended

by a slight increase in the non-fatty solids.

53
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The earlier tendency was to assign too high a limit for

the non-fatty solids, since this figure was obtained by

methods which failed to extract all the fat. In applying,

therefore, the more modern processes, normal milk will

be found to yield a figure for the non-fatty solids decidedly

below the extreme limit of 9.5 per cent. Even nine per

cent, for the non-fatty solids is more than is usually

present.

While it may be permissible in special cases, such as the

purchase of milk under contract, or in the operation of a

large dairy, to reject samples which yield below nine per

cent, of non-fatty solids, it is not just to exact such a

standard for purposes of public inspection, and as a basis

for penal proceedings. The standard of the Society of

Public Analysts of England (8.5 per cent, of non-fatty

solids) has been found satisfactory in the large experience

of the members of that body, and Dr. Vieth has ex-

pressed himself as follows concerning it :

" My object is by no means to raise the cry that the

standard adopted by the Society is too high ; on the con-

trary, I think it is very judiciously fixed, but in upholding

the standard of purity it should not be forgotten that the

cows have never been asked for, nor given their assent to

it, and that they will at times produce milk below standard.

A bad season for hay-making is, in my experience, almost

invariably followed by a particularly low depression in the

quality of milk, toward the end of winter. Should the

winter be of unusual severity and length, the depression

will be still more marked. Long spells of cold and wet, as

well as of heat and drought, during the time when cows

are kept on pasture, also unfavorably influence the quality

and, I may add, quantity of milk."
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Deficient Solids.—The following are some instances

of deficiency of solids in milk known to be genuine :

—

Sp. Gr.
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Sp. Gr.
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Variations According to Season.—The following

table is condensed from the above report :
—
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milk, and since the infection of tlie animal is not always

recognized promptly, a most insidious source of danger

exists. Other infectious and dangerous diseases, e g. , scarlet

fever, diphtheria, and typhoid fever, may be conveyed by
milk.

The common methods of adulterating milk, namely, by
abstracting fat or adding water, diminish the food-value,

but there has been great exaggeration of the importance of

these changes. It can scarcely be sound to declare, as has

occasionally been done by those engaged in promoting

sanitary legislation, that milk reduced in fat by legitimate

processes, or even watered to a considerable extent, is un-

wholesome. It is occasionally stated that the digestion of

the proteids of milk is dependent on the presence of a

certain amount of fat, but the experimental or clinical

evidence of this is, apparently, not precise. Several com-
petent authorities, e. g., Vieth, Uffelmann, and Hartbhorne,

have unhesitatingly declared even closely-skimmed milk to

be wholesome. As regards watered milk, it would be pre-

posterous to assert that an article which is wholesome when
containing nine per cent, of non-fatty solids, becomes un-

wholesome when containing eight per cent.

Efforts have been made in some localities to interfere

with the sale of closely-skimmed milk, especially that ob-

tained by the centrifugal method. The low fat-content is

the only point in which this differs appreciably in compo-
sition from ordinary milk. Since the proteids, sugar, and
mineral matters are still in normal amount, skim-milk must

have much food value. Questions of a broader character

are, however, to be considered. Grotenfeldt ("Modern
Dairy Practice," English Edition, trans, by F. W. Woll)

discusses the matter at length and shows that the sepa-
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rator skim-milk, as compared with that obtained by the

setting process, is purer and fresher. It has fewer bacteria

than the milk from which it was prepared, and has been

freed from the disagreeable and disgusting adventitious mat-

ters that are so often present in whole milk. Concerning

the objection to the low fat-content upon which is sometimes

based a claim for a distinction between " skirhmed milk
"

and " separator-milk," applying the former term to milk

treated by the setting process, it must be noted that all

but a very small amount of the fat may be removed by

allowing the milk to stand for several days at a low tem-

perature.

The unwholesomeness of milk arises not from change in

the proportions of its principal ingredients, but from con-

tamination with microorganisms. The danger from cer-

tain specific organisms has been mentioned, but the more

frequent danger is from the ordinary non-pathogenic or

putrefactive microbes, which, unless special care be taken,

are invariably present and multiply rapidly. To prevent

such conditions, resort is had to sterilization by heat. Brief

exposure to a temperature of ioo° C. is sufficient in most

cases, but if the milk be subsequently exposed to air at

ordinary temperatures, or mixed with unboiled water, it

will be again contaminated and undergo putrefactive

changes. In the warmer seasons of the year, these changes

occur with great rapidity. Since clinical experience seems

to show that boiled milk is frequently an unsatisfactory

food for infants, methods of fractional sterilization at lower

temperatures have been suggested. These depend on the

fact, that, while spores and immature microbes require a

rather high temperature for their destruction, fully devel-

oped organisms are more easily killed. By heating the
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milk, therefore, to a temperature much below the boiling

point, the adult microbes are killed, while the milk-solids

are not unfavorably affected. The spores and immature

organisms will, however, survive and may in a few hours

develop ; hence the milk is again heated, as before, and

these later developed organisms will be killed. This pro-

cess is repeated several times and finally complete steriliza-

tion is effected.

For the practical purpose of rendering milk safe as an

article of food, it is not necessary to make repeated heat-

ings. Numerous investigations are reported on this point,

one of the more recent being a paper by Dr. R. G. Free-

man {Med. Rec, June 10,-1893). ^ temperature of 167"

F. (75" C.) continued for fifteen minutes, followed by

rapid cooling by imnnersing the containing vessel in water,

will kill the adult forms of most microbes, and milk so

treated will remain unaltered for one or two days and will

not have suffered any appreciable loss of digestibility, even

for infants.

When it is considered that milk is almost the only form

of animal food that is eaten in the uncooked condition, by

civilized communities, the importance of the facts above

noted will be apparent. Some interesting data as to the

association of consumption, diphtheria, and similar dis-

eases with the maintenance of dairies have been collected,

but the discussion of this feature of the question would be

out of place here. Enough is known to show that raw

milk is not a safe article of food, unless collected with

such precautions as will prevent the introduction of infec-

tious matter.

Artificial coloring matters do not involve any serious

danger to health, except Martius' yellow (dinitroalpha-
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naphthol) which is poisonous. The obvious objection to

their use is that they enable milk of inferior quality to be

substituted for rich milk. It, is worthy of note that the

assertion, occasionally made, that urine is employed in the

preparation of annatto, is of little weight, since the an-

natto sold for dairy use is prepared by unobjectionable

methods.

Abnormal Milks.—Milk occasionally becomes blue

on the surface, the color forming in patches in proportion

as the cream rises. The condition is due to the develop-

ment of a chromogenic bacillus, first noted by Ehrenberg,

and by him called Vibrio syncyanus , but now more cor-

rectly called Bacillus syncyanus. The condition some-

times prevails in epidemic form. The butter prepared

from such milk possesses a greenish color, and a disagree-

able butyric odor. The bacillus seems to be non-patho-

genic. Hueppe fed animals on food mixed with strong

cultures of it, and observed no serious results. To pre-

vent the development and spread of the bacillus it is

recommended that the vessels intended to receive the

milk be washed in boiling water. Reiset states that blue

milk may be used for the production of butter by adding

0.5 gram of acetic acid to each liter (eight grains to the

quart).

Red milk is due to accidental contamination with the

Bacillus prodigiosus. The spores of this microbe exist in

the atmosphere and rapidly develop when they fall upon
any nutritive medium. The microbe does not appear to

have any pathogenic properties.

Ropy Milk.—This condition is occasionally seen dur-
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ing moist warm weather. The milk when drawn may not

show any unusual properties, but in a few hours becomes

so viscid that a spoonful of it may be lifted several inches

without breaking the connection between the two portions.

The nature and cause of the change are not known. The
phenomenon generally appears rather suddenly and does

not last long, almost always disappearing promptly on the

advent of colder weather. Cases are known in which the

milk thus affected has been used as food without any

apparent unfavorable effect.
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CONDENSED MILK.

A few brands of condensed milk in the market under

the name of "evaporated cream," consist merely of

whole milk concentrated to about two-fifths of its bulk,

but most condensed milks contain a considerable amount

of cane-sugar. These samples represent, usually, whole

milk concentrated to about one-third or two-sevenths of

its original volume. A small amount of invert-sugar may

be present. Portions of the lactose may crystallize from

condensed milk, and when solutions are prepared for

analysis, abnormal polarimetric reading will result unless

the liquid stands a considerable time or is heated for a

short time to ioo° C.

The analysis of unsweetened condensed milks is con-

ducted as with ordinary milk, the sample having been

previously diluted with several times its weight of water

heated to boiling, cooled and made up to a definite

volume. The fat may be readily estimated in unsweetened

milks by the L-B. process, but in sweetened ones, the

charring action of the sulfuric acid seriously interferes.

We find that mixing 5 c. c. of diluted condensed milk

with 3 c. c. of the hydrochloric-fusel-oil mixture in the

test-bottle, filling up to the neck with glacial acetic acid

and heating for a few minutes in boiling water will avoid

charring and allow" the fat to be brought up by the centri-
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fugal machine, but we have not tested the method suffi-

ciently to ascertain its accuracy.

The most common defect in condensed milks is de-

ficiency in fat, due to preparation from closely-skimmed

milks. English analysts have frequently called attention

to such samples, but the reports of analysts in the United

States indicate that such practices are uncommon in this

country. We have from time to time examined very cheap

samples of condensed milk sold in Philadelphia, but have

not found any marked deficiency in fat. Attention has

been called, especially by Allen, to the fact that labels on

condensed-milk tins often advise such large additions of

water as to produce a weak milk. Preservatives (other than

cane-sugar) and coloring matters are rarely if ever used,

nor is it likely that foreign fats will be present.

The presence of cane-sugar, and possibly of invert-

sugar, renders the complete analysis of condensed milk

rather tedious, but for many practical purposes it will be

sufficient to determine the total solids, fat, and proteids.

If the ash and milk-sugar also be determined, the cane-

sugar may be approximately estimated by difference. In

all examinations of condensed milk, care should be taken

that the contents of the can are thoroughly mixed before

any sample is taken. The following procedures cover the

usual analysis of ordinary samples, and are partly those

given by Pearmain and Moor.

Ten grams of the sample should be dissolved in water

and made up to loo c. c. Aliquot portions of this solu-

tion should be taken for analysis.

Total Solids.—Five to ten c. c. are evaporated by

the Babcock method (p. 21), or on ignited asbestos in

a shallow platinum basin.
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Ash.—Twenty c. c. or more are evaporated in a plati-

num dish and the ash determined with the usual precau-

tions.

Fat.—The cylinder containing the residue from the

determination of total solids is placed in the extractor and

the fat obtained in the usual way. Another method is to

distribute five c. c. over fat-free paper, proceeding as in the

original Adams' process. The Werner-Schmidt method

is not suitable.

Proteids.—These determinations are made as with

ordinary milk.

Sugars.—If regard is to be had to the possible pres-

ence of invert-sugar, a special method must be followed

which is described below. The processes first given con-

sider lactose and sucrose only.

Lactose.—Richmond and Bosely have shown that heat-

ing to the extent to which milk is subjected in the prepara-

tion of condensed milk may reduce the rotatory power of

the sugar sufficiently to cause serious error, if the polari-

meter be used for the determination. The reducing power

with alkaline copper solutions is not seriously aff'ected.

Sucrose.—The determination of cane-sugar may be made

by difference, that is subtracting the sum of the other ingre-

dients from the total solids. Such a method is, of course,

approximate only, but it may serve for ordinary inspection

purposes, since the amount present is almost always large,

generally more than the milk-solids themselves, and an

error even of several per cent, does not affect the judg-

ment as to the wholesomeness of the sample. More exact

work requires, however, that the cane-sugar shalL be

determined directly, and several processes have been

devised for the purpose. Sucrose exerts but little action
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on Fehling's solution, but invert-sugar acts powerfully, and

one set of processes depends on determining the reducing

power before and after inversion. Since the polarimetric

reading is also markedly changed by the inversion, the

difference in polarization may be employed. Processes of

fermentation maybe so conducted as to remove the sucrose

(also any form of glucose) while the lactose is unaffected.

This method is chiefly valuable for recognizing invert-

sugar or either of its constituents.

When inversion methods are used, they must be such as

to secure prompt inversion of the sucrose without affecting

the lactose. Experiment shows that citric acid and inver-

tase (the enzyme of yeast) are the most suitable agents.

Stokes and Bodmer (^Analyst, 1885, p. 62) have worked out

the citric acid method substantially as follows :

—

About eight grams of the sample are accurately weighed,

diluted with water, coagulated with about one per cent, of

citric acid, without heating, and made up to 200 c. c. plus

the volume of the precipitated fat and proteids (see p. 39).

The liquid portion, which now measures 200 c. c, is passed

through a dry filter. The reducing power with alkaline

copper solutions is determined at once upon 50 c. c. of this

filtrate. To another 50 c. c, one per cent, of citric acid

is added and the solution boiled for ten minutes and the

reducing power also determined. The increase over that

of the first solution is due to the invert-sugar formed by

the action of the citric acid on the sucrose. It is neces-

sary to bear in mind that the reducing equivalents of lac-

tose and invert-sugar are not the same. Stokes and Bod-

mer prefer to work with Pavy's solution. The following

description is partly from their paper and partly from

Allen's " Chemistry of Urine."
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Pavy's solution :
—

Pure crystallized copper sulfate, . . 4.157 grams
Pure crystallized Rochelle salt, . . 21.6 grams
Sodium hydroxid of good quality, . . 20.5 grams

The copper sulfate is dissolved in about 100 c. c. of hot

water, the Rochelle salt and sodium hydroxid are dissolved

in another portion of warm water, the solutions allowed to

cool and mixed, 400 c. c. of ammonium hydroxid (sp. gr.

.880) added and the liquid made up to one liter.

Of this solution,

10 c. c. equals 0.005 dextrose

10 c. c. equals 0.0096 lactose

10 c. c. equals 0.0047 sucrose (after inversion).

The best results are obtained only when working so as to

exclude free access of air. Allen suggests the following

arrangement : To the lower end of the buret is attached a

short rubber tube which connects with a glass tube that

passes through a rubber stopper fitted in a flask of conveni-

ent size. The stopper has two other openings, one for the

admission of a tube through which a slow current of illum-

inating gas or hydrogen may be transmitted in order to

maintain a non-oxidizing atmosphere ; the other for a tube

for the escape of steam and ammonium hydroxid.

The gas connection may be omitted if, as suggested by

Stokes, the tubes through which the vapors escape be joined

with an empty Woolffs bottle connected by a tube to a ves-

sel containing cold water. The flask containing the copper

solution may be placed upon a whitewashed iron plate in

order to show the tint of the solution more clearly.

From 25 to 40 c. c. of the copper solution, accurately

measured, are placed in the flask, a few fragments of pum-

ice dropped in, the tubes and buret adjusted, and the solu-
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tion brought to boiling. The liquid containing the factose

is added in small portions. Since the oxidizing action

occurs more slowly than with glucose, the additions must be

at greater intervals. The process is finished as soon as the

From Allen's "Chemistry of Urine."

liquid is colorless. When common coal gas flows into the

flask, a brick-red film of cuprous acetylid is fisrmed on the

surface of the liquid from the acetylene present in the gas.

It is necessary to verify the correctness of the copper
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solution and this may be done by means of known weights

of pure lactose and sucrose, the latter being first inverted

by the citric acid as described.

Allen has recently {^Analyst, 1895, p. 127) stated that

the Gerrard-AUen method—titration with cupric cyanid

—

promises to be the most satisfactory volumetric method for

glucose and that it may answer also for other sugars. It is

described in full in Pharmaceutical Journal for April 20,

1895, also in the " Chem. of Urine," above cited, p. 74.

The following method is based on the difference in polari-

metric reading before and after action of invertase. About

30 grams of the sample are accurately weighed in a 100

c. c. flask, diluted to about 80 c. c, heated to boiling,

cooled, and 7.5 c. c. of acid mercuric nitrate solution

added. The mixture is made up to 100 c. c, well shaken,

filtered through a dry filter and the polarimetric reading

taken at once. It will be the sum of the effect of the two

sugars. The volume of the sugar-containing liquid is cal-

culated by allowing for the precipitated proteids and fat,

as described on p. 39.

Fifty c. c. of the filtrate are placed in a flask marked at

55 c. c, a piece of litmus paper dropped in, and the excess

of nitric acid cautiously neutralized by sodium hydroxid

solution. The liquid is then faintly acidified by a single

drop of acetic acid (it must not be alkaline), a few drops

of an alcoholic solution of thymol added, and then 2 c. c.

of a solution of invertase, prepared by grinding half a

cake of ordinary compressed yeast with 10 c. c. of water

and filtering. The flask is corked and allowed to remain

at a temperature of 35° to 40° C. for twenty-four hours.

The cane-sugar will be inverted while the milk-sugar will
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be unaffected. The flask is filled to the mark (55 c. c.)

with washed aluminum hydroxid and water, mixed, fil-

tered, and the polarimetric reading taken.

A powerful solution of invertase may be prepared by

the method recommended by O'Sullivan and Tompson.

Brewer's yeast is allowed to stand at a temperature of

15" C. for a month. The liquid is filtered and sufficient

alcohol added to give about 12 per cent, of absolute

alcohol. After a few days the liquid is filtered and is

ready for use. The alcohol acts as a preservative.

The rotatory powers of cane-sugar and dextrose are not

appreciably affected by temperature within the limits of

ordinary experiments. The same may be said of milk-

sugar (see p. 41). Invert-sugar, by reason pf the levu-

lose present, is materially affected by the temperature.

Thus, a solution of cane-sugar, which, before inversion,

causes a rotation of -|- 100 angular degrees, has after

inversion, if observed at 0° C, a rotation of —44 degrees,

a total change jsf 144; but at 21° C. the reading will

be only —33 angular degrees, a total change of 133.

The following formula is to be used for calculation :

—

^__,oo^
i

144
2

in which C equals the angular rotation due to the unin-

verted cane-sugar, D the difference in the polarimetric

reading before and after inversion, and / the temperature

in Centigrade degrees. Since in the performance of the

inversion, the liquid has been diluted from 50 to 55 c. c,

the polarimetric reading must be increased in proportion,

before the value of D is found.
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The specific rotatory power of cane-sugar varies slightly

with the concentration. Tollens gives the following

formula, in which ^S is the specific rotatory power and C
the concentration in grams per loo c. c. :

—

S= 66.386 + .015035 C— .0003986 C
Bigelow and McEIroy (_/. A. C. S., Dec, 1893) propose

the following routine method for the determination of the

sugars, including invert-sugar, in condensed milk. The so-

lutions used are :

—

Acid mercuric iodid.—Mercuric chlorid, 13.5 grams;

potassium iodid, 33.2 grams; glacial acetic acid, 20 c.c. ;

water 640 c.c.

Alumina- cream.—A cold saturated aqueous solution of

alum is divided into two unequal portions ; to the larger

portion ammonium hydroxid is added to slight excess, and

then small portions of the remaining solution until a slight

acid reaction is secured.

The entire contents of the can are transferred to a porce-

lain dish and thoroughly mixed. A number of portions

of about 25 grams are weighed carefully in 100 c.c. flasks.

Water is added to two of the portions, and the solutions

boiled. The flasks are then cooled, clarified by means of

a small amount of the acid mercuric iodid and alumina-

cream, made up to mark, filtered and the polarimetric

reading noted. Other portions of the milk are heated in

the water-bath to 55° C. ; one-half of a cake of com-

pressed yeast is added to each flask and the temperature

maintained at 55" C. for five hours. Acid mercuric iodid

and alumina-cream are then added, the solution cooled to

room-temperature, made up to mark, mixed, filtered,

polarized. The amount of cane-sugar is determined by
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formula on page 71. Correction for the volume of

precipitated solids may be made by the double dilution

method (p. 41). The total reducing sugar is estimated in

one of the portions by one of the reducing methods, and

if the sum of it and the amount of cane-sugar obtained

by inversion is equal to that obtained by the direct reading

of both sugars before inversion, no invert-sugar is present.

If the amount of reducing sugar seems to be too great, the

milk-sugar must be re-determined as follows : Two hundred

and fifty grams of the condensed milk are dissolved in

water, the solution boiled, cooled to 80'' C, a solution of

about four grams of glacial phosphoric acid added, the

mixture kept at 80° C. for a few minutes, then cooled to

room temperature, made up to mark, shaken and filtered.

It may be assumed that the volume of the precipitate is

equal to that obtained by mercuric iodid solution. Enough
potassium hydroxid is then added to not quite neutralize

the free acid, and sufficient water to make up for the volume

of the solids precipitated by the phosphoric acid. The
mixture is then filtered and the filtrate is measured in por-

tion of 100 c.c. into 200 c.c. flasks. A solution containing

20 milligrams of potassium fluorid and half a cake of com-

pressed yeast is added to each flask, and the mixture al-

lowed to stand for ten days at a temperature of from 25°

C. to 30° C. The invert-sugar and cane-sugar are fer-

mented and removed by the yeast in the presence of a

fluorid, while milk-sugar is unaffected. The flasks are filled

to the mark and the milk-sugar determined either by reduc-

tion or by the polariscope. The amount of copper solution

reduced by the lactose and invert-sugar, less the equivalent

of lactose remaining after fermentation, is due to invert-

sugar.
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BUTTER.
Butter, commercially, consists of a variable mixture of

fat, water, and curd, obtained by churning cream from cow's

milk. The water contains in solution milk-sugar and the

salts of the milk. Common salt is usually present, being

added after the churning. Artificial coloring is frequently

used.

The composition of commercial butter usually varies

within the following limits :

—

Fat, 78 per cent, to 94 per cent.

Curd, I << <i
<< 2 ." "

Water, 5 " " " 14 " "
Salt, . . . o <<<<< ^ << <<

Nostrums for Butter Making.—Preparations are

sold purporting to have the power to increase the yield of

butter from a given weight of milk. One of these, adver-

tised under the name "black pepsin," has been found to

contain salt, annatto, and a small amount of rennet. Pep-

sin has also been used. These curdle the milk and allow

the incorporation of much' cheese and water with the but-

ter. Butter may also, without the addition of chemicals,

be incorporated with a large amount of cream.

We have encountered butter containing over forty per

cent, of water. Such samples are pale and spongy, lose

weight, and become rancid very rapidly.

It is generally considered that butter should not con-

tain more than 16 per cent, water. An excess of water

diminishes the keeping quality.

The following methods for the analysis of butter have

been adopted by the A. O. A. C. :

—
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Sampling.—If large quantities of butter are to be sam-
pled, a butter trier or sampler may be used. The por-

tions drawn, about 500 grams, are to be carefully melted
in a closed vessel, at as low a heat as possible, and when
melted the whole is to be shaken violently for some minutes
till homogeneous. The mass must be sufficiently solidified

to prevent the separation of the water and fat. A portion

is then placed in the vessel from which it is to be weighed
for analysis, and should nearly or quite fill it. It should

be kept in a cold place until analyzed. Determinations
are made as follows :

—

^Vater.— 1.5-2.5 grams are dried to constant weight at

the temperature of boiling water in a dish with a flat bot-

tom, having. a surface of at least 20 sq. cm. The use of
clean, dry sand is admissible.

Fat.—The dry butter from the water determination is

dissolved in the dish with absolute ether, or with 76°

petroleum spirit. The contents of the dish are then trans-

ferred to a Gooch crucible with the aid of a wash-bottle

filled with the solvent, and are washed until free from fat.

The crucible and contents are dried at the temperature
of boiling water, until the weight is constant.

Indirect Method.—Water may be determined by dry-
ing on asbestos or sand, and the fat extracted by ether.

Casein and Ash.—The crucible containing the res-

idue from the fat determination, consisting of the casein
and salts, is covered and heated, gently at first, and grad-
ually raising the temperature to just below redness. The
cover may then be removed and the heat continued till

the contents of the crucible are white. The loss in weight
of the crucible and contents represents the weight of the
casein, and the residue in the crucible, ash. The mineral
matter may be dissolved in water very slightly acidulated
with nitric acid, and the chlorin determined in the usual
way.

Salt.—Weigh in a counterpoised beaker from 5 to 10
grams of the sample. The butter is placed, in portions
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of about I gram at a time, in the beaker, these portioi.s

being taken from different parts of the sample. Hot water
is now added (about 20 c. c.) to the beaker containing the

butter, and after it has melted the liquid is poured into

the bulb of a separating funnel. The stopper is now in-

serted and the contents shaken for a few moments. After
standing until the fat has all collected on top of the water,

the stopcock is opened and the water is allowed to run into

an Erlenmeyer flask, being careful to let none of the fat

globules pass. Hot water is again added to the beaker,
and the foregoing process is repeated from ten to fifteen

times, using each time 10 to 20 c c. of water. The result-

ing washings contain all but a mere trace of the NaCl
originally present in the butter. The sodium chlorid may
be determined volumetrically in the filtrate.

Antiseptic substances in milk may find their way
into the' butter made from it. They will be dissolved in

the water, and may be detected by separating this, by melt-

ing, and testing it as directed under milk.

Oleomargakin.—Under this term is now included by

act of Congress, any oleaginous substance intended as a

substitute for butter, containing any proportion of fat

other than butter-fat. The term "margarine" is em-

ployed in England, under authority of an act of Parlia-

ment, with the same significance. The principal materials

employed in the preparation of butter substitutes are cot-

tonseed oil, mutton-fat, and beef- fat.

When fats are saponified and the soap treated with acid,

the individual fatty acids are obtained. It is upon the

recognition of the peculiar acid radicles existing in butter

that the most satisfactory method of distinguishing it from

other fats is based. Since the relative proportion of these

radicles differs in different samples, the quantitive estima-

tion cannot be made with accuracy, but when the foreign



78 MILK PRODUCTS.

fats are substituted to the extent of 25 per cent, or more,

the adulteration can be detected with certainty and an

approximate quantitive determination made.

Distillation method.—The fatty acids containing a small

number of carbon atoms, set free by the process noted

above, are soluble in water and volatile. A method for

their estimation depending on their solubility in water was

perfected by Hehner, but has now been displaced by a dis-

tillation method originally suggested by Hehner & Angell,

but improved by Reichert, and the details perfected by

others, especially Wollny, and now generally known as the

Reichert-Wollny method.

We have modified the process by substituting a solution

of sodium hydroxid in glycerol as the saponifying agent,

by which the time required is much shortened, the result

subject to less variation, and the titration more exact. The

following reagents are required.

Glycerol-soda.—One hundred grams of pure sodium

hydroxid are dissolved in 100 c. c. of distilled water,

and allowed to stand until clear. Twenty c. c. of this

solution are mixed with 180 c. c. of pure concentrated

glycerol. The mixture can be conveniently kept in a

capped bottle holding a 10 c. c. pipet, with a wide outlet.

Sulfuric add.—Twenty c. c. of pure concentrated sul-

furic acid, made up with distilled water to 100 c. c.

Barium hydroxid.—An approximately decinormal, ac-

curately standardized, solution of barium hydroxid.

Indicator.—An alcoholic solution of phenolphthalein.

About 50 grams of the sample are placed in a beaker, and

heated to a temperature of 50° to 60° C, until the

water and curd have settled to the bottom. The clear fat

is then poured on a warm, dry plaited filter, and kept in a
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warm place until 25 or 30 c. c. have been collected. If

the filtrate is not perfectly clear, it should be reheated for

a short time and again filtered.

A 300 c. c. flask is washed thoroughly, rinsed with alco-

hol and then with ether, and thoroughly dried by heating

in the water oven. After cooling it is allowed to stand

for about fifteen minutes and weighed. A pipet, gradu-

ated to 5.75 c. c, is heated to about 60° C. and filled to

the mark with the well-mixed fat, which is then run into

the flask. After standing for about fifteen minutes the

flask and contents are weighed. Twenty c. c. of the gly-

cerol-soda are added and the flask heated over the Bunsen

burner. The mixture may foam somewhat; this maybe
controlled, and the operation hastened by shaking the

flask. When all the water has been driven off', the liquid



8o MILK PRODUCTS.

will cease to boil, and if the heat and agitation be con-

tinued for a few moments, complete saponification will be

effected, the mixture becoming perfectly clear. The whole

operation, exclusive of weighing the fat, requires less than

five minutes. The flask is then withdrawn from the heat

and the soap dissolved in 135 c. c. of water. The first

portions of water should be added drop by drop, and the

flask shaken between each addition in order to avoid

foaming. When the soap is dissolved, 5 c. c. of the

dilute sulfuric acid are added, a piece of pumice dropped

in, and the liquid distilled until no c. c. have been col-

lected. The condensing tube should be of glass, and the

distillation conducted at such a rate that the above amount

of distillate is collected in thirty minutes.

The distillate is usually clear ; if not, it should be thor-

oughly mixed, filtered through a dry filter, and loo c. c. of

the filtrate taken. To the distillate about 0.5 c. c. of the

phenolphthalein solution are added, and the standard

barium hydroxid run in from a buret until a red color is

produced. If only 100 c. c. of the distillate have been

used for the titration, the number of cubic centimeters of

barium hydroxid should be increased by one-tenth.

When it is intended merely to distinguish butter from

oleomargarin, it will be sufficient to measure into the flask

3 or 6 c. c. of the clear fat, and operate upon this directly.

A blank experiment should be made to determine the

amount of decinormal alkali required by the materials em-
ployed. With a good quality of glycerol, this will not

exceed 0.5 c. c.

Butter (5 grams) yields a distillate requiring from 24 to

34 c. c. of decinormal alkali. Several instances have been
published in which genuine butter has given a figure as low
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as 22.5 c. c, but such results are uncommon. The mate-

rials employed in the preparation of oleomargarin yield a

distillate requiring less than i c. c. of alkali. Commercial

oleomargarin is usually churned with milk in order to

secure a butter flavor, and thus acquiring a small amount

of butter-fat yields distillates capable of neutralizing from

I to 2 c. c. of alkali.

That more uniform results may be obtained with the

glycerol-soda method than with the use of alcohol has been

clearly shown. W. Karsch, assistant in the Dairy Institute

at Hameln, Germany {Chemiker-Zeitung, 1896, 62), has

subjected the method to careful comparative examination

and fiiids it to be more satisfactory than the Reichert-

Wollny method. Dr. Vieth, Director of the Institute, has

employed it for several years in the analytic work of the

station.

The method of determining the volatile acids of butter-

fat, adopted by the A. O. A. C, is as follows :

—

Sodium hydroxidsolution.—One hundred grams of sodium
hydroxid are dissolved in 100 c. c. of pure water. It should
be as free as possible from carbonates, and be preserved
from contact with the air.

Alcohol, of about 95 per cent., redistilled over sodium
hydroxid.

Acid.—Solution of sulfuric acid containing 25 c. c. of
strongest acid in 1000 c. c. of water.

Barium hydroxid.—An accurately standardized, approx-
imately decinormal solution of barium hydroxid.

Indicator.—One gram of phenolphthalein in 100 c. c. of
alcohol.

Saponification flasks, 250 to 300 c. c. capacity, of hard,
well-annealed glass, capable of resisting the tension of
alcohol vapor at 100° C.

A pipet, graduated to deliver 40 c. c.
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Distilling apparatus.

Buret.—An accurately calibrated buret, reading to

tenths of a c. c.

The butter or fat to be examined should be melted, and
kept in a dry, warm place at about 60° C. for two or three

hours, until the water and curd have entirely settled

out. The clear supernatant fat is poured off and filtered

through dry filter paper, in a jacketed funnel containing

boiling water. Should the filtered fat in a fused state not

be perfectly clear, the treatment above mentioned must be

repeated.

The saponification flasks are prepared by having them
thoroughly washed with water, alcohol, and ether, wiped
jjerfectly dry on the outside, and heated for one hour at

the temperature of boiling water. The flasks should then

be placed in a tray by the side of the balance, and covered

with a silk handkerchief until they are perfectly cool.

They must not be wiped with a silk handkerchief within

fifteen or twenty minutes of the time they are weighed.

The weight of the flasks having been accurately determined,

they are charged with the melted fat in the following

way :
—

A pipet with a long stem, marked to deliver 5.75 c.c,
is warmed to a temperature of about 50° C. The fat

having been poured back and forth once or twice into a dry
beaker in order to thoroughly mix it, is taken up in the

pipet and the nozzle of the pipet carried to near the

bottom of the flask, having been previously wiped to remove
any adhering fat, and 5.75 c.c. of fat are allowed to flow

into the flask. After the flasks have been charged in this

way, they should be re-covered with a silk handkerchief
and allowed to stand fifteen or twenty minutes, when they
are again weighed.
Ten c. c. of 95 per cent, alcohol are added to the fat in

the flask, and then 2 c. c. of the sodium hydroxid solution
;

a soft cork stopper is now inserted in the flask and tied

down with a piece of twine. The saponification is then
completed by placing tlie flask upon the water or steam
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bath. The flask, during the saponification, which should
last one hour, should be gently rotated from time to time,

being careful not to project the soap for any distance up its

sides. At the end of an hour the flask, after having been
cooled to near the room temperature, is opened. The
stoppers having been laid loosely in the mouth of the flask,

the alcohol is removed by dipping the flask into a steam
bath. The steam should cover the whole of the flask except
the neck. After the alcohol is nearly removed, frothing

may be noticed in the soap, and to avoid any loss from this

cause or any creeping of the soap up the sides of the flask,

it should be removed from the bath and shaken to and fro

until the frothing disappears. The last traces of alcohol

vapor may be removed from the flask by waving it briskly,

mouth down, to and fro. After the removal of the alcohol

the soap should be dissolved by adding 100 c. c. of recently

boiled distilled water, warming on the steam bath with

occasional shaking, until solution of the soap is complete.
When the soap solution has cooled to about 65° C, the

fatty acids are separated by adding 40 c. c. of the dilute

sulfuric acid solution mentioned above. The flask should

now be re-stoppered as in the first instance, and the fatty

acid emulsion melted by replacing the flask on the steam
bath. According to the nature of the fat examined, the

time required for the fusion of the fatty acid emulsions

may vary from a few minutes to several hours.

After the fatty acids are completely melted, which can
be determined by their forming a transparent oily layer on
the surface of the water, the flask is cooled to room tem-
perature, and a few pieces of pumice stone added. The
pumice stone is prepared by throwing it, at a white heat,

into distilled water, and keeping it under water until used.

The flask is now connected with a glass condenser, slowly

heated with a naked flame, until ebullition begins, and then

the distillation continued by regulating the flame in such

a way as to collect 110 c. c. of the distillate in, as nearly

as possible, thirty minutes. The distillate should be re-

ceived in a flask accurately graduated at no c. c.
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The no c. c. of distillate, after thorough mixing, are

filtered through dry filter paper and collected in a flask

marked at loo c.c. One hundred c.c. of the filtered distil-

late are poured into a beaker holding from 200 to 250 c.c,

0.5 c.c. of phenolphthalein solution added, and decinormal
barium hydroxid run in until a red color is produced. The
contents of the beaker are then returned to the measuring
flask to remove any acid remaining therein, poured again

into the beaker, and the titration continued until the red

color produced remains apparently unchanged for two or

three minutes. The number of cubic centimeters of deci-

normal barium hydroxid required should be increased by
one-tenth.

Many other methods of detecting butter adulteration

have been proposed. The distinction between butter and

its substitutes is not so sharp as with the distillation method,

but all are of more or less value and may aid in the detec-

tion of adulteration in doubtful cases.

Acetic acid reaction (Valenta's test).—This depends upon

the behavior of butter and acetic acid, and is one of the

most valuable of the simple tests. The strength of acid

used may vary within certain limits, but it must always be

standardized against a sample of pure butter-fat.

Three c. c. of the melted fat are placed in a dry test-

tube, an equal volume of acetic acid added, and the mixture

heated until solution has taken place. It is then allowed

to cool spontaneously, and the temperature at which the

liquid begins to be turbid noted.

Messrs. Chattaway, Pearmain, and Moor, as the result of

a rather lengthy trial, prefer an acid of about 95.5 percent.

With a weaker acid the test is less sensitive. They call at-

tention to the fact that the presence of moisture in the fat

is one of the most fruitful sources of error, and recom-
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mend filtration of the sample through dry filter paper

before performing the test. They note further that undue

heating of the sample, either at the time the test is being

made, or previously, renders the determination unreliable.

With the acid employed by them, the following figures were

obtained expressed in Centigrade degrees :

—

Butter-fat (24 samples)

—
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but the latter readily form additive compounds with the

members of the chlorin group, and by estimating the

amount of the element taken up under definite conditions,

a measure of the amount of unsaturated radicles present is

obtained.

HiibPs method with iodin is now employed. The A.

O. A. C. process is as follows :
—

(i) Iodin solution.—Dissolve 25 grams of pure iodin in

500 c. c. of 95 per cent, alcohol. Dissolve 30 grams of

mercuric chlorid in 500 c.c. of 95 per cent, alcohol.

The latter solution, if necessary, is filtered, and then the two

solutions mixed. The mixed solution should be allowed

to stand twelve hours before using.

(2) Decinormal sodium thiosulfate solution.—Take 24.6

grams of chemically pure sodium thiosulfate freshly pulver-

ized as finely as possible and dried between filter or blotting

paper. Make this up to 1000 c. c. at the temperature at

which the titrations are to be made.

(3) Starch paste.—One gram of starch is boiled in 200 c.

c. of distilled water for ten minutes, and cooled to room
temperature.

(4) Solution of potassium iodid.—One hundred and fifty

grams of potassium iodid are dissolved in water and made
up to I liter.

(5) Solution of potassium dichromate.—Dissolve 3.874
grams of chemically pure potassium dichromate in distilled

water, and make the volume up to i liter at the temperature

at which the titrations are to be made.
Run 20 c. c. of the potassium dichromate solution, to

which has been added lo c. c. of the solution of potassium

iodid, into a glass stoppered flask. Add to this 5 c. c. of

strong hydrochloric acid. Allow the solution of sodium
thiosulfate to flow slowly into the flask until the yellow

color of the liquid has almost disappeared. Add a few
drops of the starch-paste, and with constant shaking con-
tinue to add the sodium thiosulfate solution until the blue

color just disappears. The number of cubic centimeters
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of thiosulfate solution used, multiplied by 5, is equivalent to

I gram of iodin.

About I gram of butter-fat is to be weighed in a glass-

stoppered flask holding about 300 c. c, with the precau-

tions mentioned for weighing the fat for determining
volatile acids. The fat in the flask is dissolved in 10 c. c.

of chloroform. After complete solution has taken place,

30 c. c. of the iodin solution are added. The flask is now
placed in a dark place and allowed to stand, with occa-

sional shaking, for three hours.

One hundred c. c. of distilled water are added to the

contents of the flask, together with 20 c. c. of the potas-

sium iodid solution. Any iodin which may be noticed
upon the stopper of the flask should be washed back into

the flask with the potassium iodid solution. The excess of

iodin is now taken up with the sodium thiosulfate solution,

which is run in gradually, with constant shaking, until the

yellow color of the solution has almost disappeared. A
few drops of starch-paste are then added, and the titration

continued until the blue color has entirely disappeared.

Toward the end of the reaction the flask should be stop-

pered and violently shaken, so that any iodin remaining in

solution in the chloroform may be taken up by the potas-

sium iodid solution in the water. A sufficient quantity of

sodium thiosulfate solution should be added to prevent a

reappearance of any blue color in the flask for five minutes.

At the time of adding the iodin solution to the fats, two
flasks of the same size as those used for the determi-

nation should be employed for conducting the operation

described above, but without the presence of any fat. In

every other respect the performance of the blank experi-

ments should be just as described. These blank experi-

ments must be made each time the iodin solution is used.

Example—Blank determinations.

(i) 30 c. c. iodin solution required 46.4 c. c. sodium thio-

sulfate solution.
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(2) 30 c. c. iodin solution required 46.8 c. c. of sodium

thiosulfate solution.

Mean 46.6.

Per cent, of iodin absorbed.

Weight of fat taken, .... . 1.0479 grams
Quantity of iodin solution used, . . 30.0 c. c.

Thiosulfate equivalent to iodin used, ... 46.6 "

Thiosulfate equivalent to remaining iodin, . 14.7
"

Thiosulfate equivalent to iodin absorbed, .31.9 "

Per cent, of iodin absorbed, 31.9 X 0.0124 X 100-7-

1.0479=37.75.

The iodin number for butter may range from 20 to 38

;

for oleomargarin from 40 to 55 ; the method is of little

use, therefore, in this connection.

Soluble and insoluble acids.—This method, originated

by Hehner and Angell, has been improved by various

chemists. Butter usually yields at least five per cent, of

soluble and 89.5 of insoluble acids, but numbers slightly

below these limits have been obtained in butters known to

be pure. The following formula has been suggested for

calculation of the amount of adulteration. F is the per-

centage of foreign fat and I the percentage of insoluble

acid

:

F= 13.3 (1-88).
The following are the reagents and manipulations pre-

scribed by the A. O. A. C. :

—

Decinormal sodium hydroxid.

Alcoholic potassa.—Dissolve 40 grams of good potassium

hydroxid, free from carbonates, in one liter of 95 per cent,

redistilled alcohol. The solution must be clear.

Semi-normal hydrochloric acid accurately standardized.

Indicator.—Onegra. of phenolphthalein in 100 c. c. of

alcohol.
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About 5 grams of the sample are weighed into a saponi-

fication flask (p. 81), 50 c. c. of the alcoholic potassa solu-

tion added, and the flask stoppered and placed in the

steam bath until the fat is entirely saponified. The opera-

tion may be facilitated by occasional agitation. The al-

coholic solution is always measured with the sanie pipet,

and uniformity further secured by allowing it to drain the

same length of time (thirty seconds). Two or three blank
experiments are conducted at the same time. In from five

to thirty minutes, according to the nature of the fat, the

liquid will appear perfectly homogeneous, saponification is

complete, and the flask is removed and cooled. When
sufficiently cool, the stopper is removed and the contents

of the flask rinsed with a little 95 per cent, alcohol into

an Erlenmeyer flask of about 200 c. c. capacity, which is

placed on the steam bath, together with the blanks, until

the alcohol is evaporated. Titrate the blanks with semi-

normal hydrochloric acid. Then run into each of the

flasks containing the fatty acids i c. c. more of the hy-

drochloric acid than is required to neutralize the alkali m
the blanks. The flask is then connected with a condensing
tube, three feet long, made of srnall glass tubing, heated

on the steam bath until the separated fatty acids form a

clear stratum. The flask and contents are then cooled in

ice-water.

The fatty acids having quite solidified, the liquid con-

tents of the flask are poured through a dry filter into a

liter flask, care being taken not to break the cake.

Between 200 and 300 c. c. of water are next brought

into the flask, the cork with its condenser-tube reinser-

ted, and the flask heated on the steam bath until the

cake of acids is thoroughly melted. During the melt-

ing of the cake of fatty acids, the flask should occasion-

ally be agitated with a revolving motion, but so that

its contents are not made to touch "the cork. When
the fatty acids have again separated into an oily layer,

the flasic and its contents are cooled in ice-water and
the liquid filtered through the same filter into the same
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liter flask. This treatment with hot water, followed by
cooling and filtration of the wash-water, is repeated three

times, the washings being added to the first filtrate. The
mixed washings and filtrate are next made up to i liter,

and aliquot parts are titrated with the decinormal sodium
hydroxid, and the total acidity calculated. The num-
ber so obtained represents the volume of decinormal
sodium hydroxid neutralized by the soluble acids of the

butter-fat taken, plus that corresponding to the excess of

the standard acid used, viz., i c. c. The number is, there-

fore, to be diminished by 5, corresponding to the excess

of r c. c. of semi-normal acid. This corrected volume,
multiplied by .0088 gives the" weight of butyric acid in

the amount of butter-fat saponified.

The flask containing the cake of insoluble acids and the

paper through which the soluble acids were filtered are

allowed to drain and dry for twelve hours, when the cake,

together with as much of the acids as can be removed from
the filter paper, are transferred to a weighed glass dish.

The funnel and filter are then set in an Erlenmeyer flask,

and the filter washed thoroughly with absolute alcohol. The
flask is rinsed with the washings from the filter paper, then
with pure alcohol, and these transferred to the glass dish,

which is placed in the steam bath, and after the alcohol is

evaporated the residue is dried for two hours in an air bath
at ioo° C. , cooled in a desiccator, and weighed. It is heated
in the air bath for two hours more, cooled and weighed. If

the two weighings are decidedly different, a further heat-
ing for two hours must be made. The residue is the total

insoluble acids of the sample.

Saponification equivalent {Koettstorfer number). This is

the number of milligrams of potassium hydroxid required

to saponify i gram of fat. The lower the molecular

weight of the acid radicles present, the higher the Koetts-

torfer number. The following is the A. O. A. C. process :

—

The reagents are the same as those employed in the de-
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termination of soluble and insoluble acid, except that the

standard sodium hydroxid is not needed.
Between one and two grams of the sample are weighed

into a saponification flask (p. 81), 25 c. c. of the alcoholic

potassium hydroxid added, the flask stoppered and heated

in the steam bath until the fat is entirely saponified. The
operation may be aided by occasional agitation. The al-

kaline solution is to be always measured by the same pipet,

and it should always be allowed to drain for the same length

of time (thirty seconds). Several blank experiments should

be conducted at the same time.

As soon as the saponification is complete, the flasks are

removed from the bath, cooled, and the contents titrated

with semi-normal hydrochloric acid, using phenolphthalein

as indicator. The Koettstorfer number is obtained by
subtracting the number of cubic centimeters of hydro-
chloric acid necessary to neutralize the alkali after saponi-

fication, from the number necessary to neutralize the blank,

multiplying the result by 28.06, and dividing the product

by the number of grams of fat used.

It is generally considered that a sample which gives a

Koettstorfer number less than 226 is not pure butter-fat, and

the formula proposed for calculating the probable amount

of adulterant is x ^ 3.17 (227— n) in which x is the per-

centage of adulterant, and n the Koettstorfer number.

With oleomargarin, beef dripping, tallow, and lard, usually

« = 19s to 197.

Various physical tests have been proposed, among which

the most satisfactory are the viscosity and refraction index.

Many observers have noted that a relation exists between

the chemical composition of a liquid and the velocity of

transpiration.

Viscosity.—C. Killing (abstract in Analyst, 1895) uses

the following apparatus for the determination of viscosity.

A wide glass cylinder is closed at the bottom by a rubber
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Stopper, through which passes a short tube, having its top

ground to receive a sort of pipet, which holds about

50 c. c, and permits of the introduction of a small ther-

mometer into the body. The upper tube of the pipet,

which passes through the top stopper of the cylinder, is

closed by a stopper. The pipet has three marks, one below

the body and two above, the latter being placed about

I cm. apart. The stopper at the top of the cylinder is

made in two pieces, and a second thermometer is passed

through one of these. The whole apparatus is fixed in a

clamp, and a beaker is placed below to receive the fat.

Originally, the standard of viscosity was taken to be the

time required for a definite volume of water at 20° C. to

run out, but it was found that two apparatus might give

identical results for water without doing so for some fat.

The times will be similar only when the body of the

pipet, delivery tube, etc., are exactly of the same dimen-

sions. For this reason each apparatus must be standard-

ized for the mean " running out " time of butter and for

margarin. Killing gives the following average figures :

—

Butter, 3 min. 43.5 sec.

Oleomargarm, ... . 4 " 19 "
Lard, 4 " 28 "

Beef-fat, 4 " 33 "

Except cocoa-fat, the viscosity of which is less than

that of butter-fat, the values for vegetable fats used

in oleomargarin are decidedly higher. Dr. Newman
Wender (_/. A. C. S., 1895, p. 719) has devised a form of

apparatus called a Fluidometer. " The apparatus possesses,

besides its inexpensiveness, other merits, chief among
which is, that by means of a simple compression bulb, the

liquid can be forced back and used for repeated determi-

nations. The apparatus consists of a V-formed capillary

tube, with both limbs enlarged and divided in such a man-
ner that one arm holds 10 c. c. and the other 2 c. c. of

the liquid. According to the laws of liquids in commu-
nicating tubes, the liquid flows from the wide limb, through
the capillary into the smaller limb, which is placed some-
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what lower. The viscosity is calculated from the time

which is required for the liquid to flow from the first di-

vision to the last upper division. There is no danger of

error arising from the evaporation, or contamination with

foreign substances in repeating the experiments, and, fur-

thermore, the apparatus is easily and quickly cleaned.

Since it has been demonstrated that the relation between
molecular weight and viscosity is not affected by solvents,

Wender uses in the fluidometer a solution of the melted

fat in chloroform, in order to avoid the trouble of main-

taining the fat in the melted condition. The viscosity of

the solvent must be taken into account, in this case. The
time of transmission of the solvent is set at loo, and the

calculations for solutions are based upon this." From a

large number of results he gives the following figures :

—

Viscosity value for pure butter, 344.30 Time, 68.8
" " " oleomargarin, 373.20 " 77.4

Every degree of temperature above 20° C. decreases the

time of efiSux by 1.45 seconds. A decreasing temperature

retards the efflux by an average of 1.43 seconds for each

degree. The results of these investigations show that the

viscosimetric examination may yield as good service in

distinguishing butter from oleomargarin, as any of the

physical tests.

Refractive index.—J. Skalweit has made determinations

of the angle of refraction of various fats, and recommends
its use in detecting butter adulteration. Abbe's refracto-

meter was employed for the determination.

The following are some of the results given :
—

Water 1.333
Genuine butter, 1.4652

" " 1.4658

Lard, . . 1.4690
Oleomargarin, ist quality, . . 1.4692

" 2d " . 1.4720
" 3d " . 1-4796
" oil, . . . 1.4680
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Butterin, . . i.47i2~l
"

. . 1.4693 I Hanoverian
"

. 1.4698
I

manufacture.

. . 1.4698 J
" ... . 1-4733 English make.

An improvement on the Abbe instrument is the Oleo-

refractometer ofAmagat and Jean. With this,the difference

between butter and its substitutes is much greater. For
description of the instrument and results with various oils,

see Muter, Analyst, 1890, and Pearmain, Analyst, 1895.

Neither of the above instruments gives material aid in

detecting additions of small percentages of foreign fat to

butter.

Melting point.—Genuine butter usually shows a melting

point ranging from 32.6° to 34.7° C. Lard gives figures

between 42° and 43° C, and " oleo-oil " from 29° to

30° C. Artificial butter may easily be prepared of the

same melting point as pure butter. The determination of

melting point is, therefore, of limited value in the detec-

tion of butter adulteration.

Specific gravity.—Skalweit has noted that the greatest

difference between the specific gravity of butter-fat and

its adulterations is found at a temperature of 35°. The
temperature usually employed is that of boiling water, and

the comparison is made with water at 15.5° C. as unity.

The determination is conveniently made with the

Sprengel tube, which is filled by inserting the wider end in

the melted fat and exerting suction. It is then placed in

boiling water in a beaker, so that the capillary ends pro-

ject slightly above the surface of the water. When the fat

has ceased to expand, the excess is removed from the

orifice by means of filter paper, the tube withdrawn from

the water, dried, allowed to cool, and weighed. The
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weight of fat divided by the weight of water contained

by the tube at 15.5° C. gives the specific gravity.

The Westphal balance is also recommended by Estcourt

for these determinations. The melted fat is contained in

a wide test-tube immersed in boiling water, care being

taken to protect the balance from the steam.

The specific gravity of butter-fat determined in this

way usually varies between .865 and .867, while that of

oleomargarin varies between .856 and .860.

Considerable use has been made of a method based

upon the detection of crystalline structure by examination

with polarized light. Such condition indicates, however,

merely that the sample has been previously melted. By
churning oleo-oil with cream, a material is obtained which

shows no crystalline structure when examined in this way.

Commercial forms of oleomargarin and butter exhibit

characteristic differences on heating, which may be utilized

for rapidly sorting a collection of samples. When butter

is heated in a small tin dish directly over a gas flame, it

melts quietly, foams, and may run over the dish. Oleo-

margarin, under the same conditions, sputters noisily as

soon as heated and foams but little. Even mixtures of

butter and other fats show this sputtering action to a con-

siderable extent. The effect depends upon the condition

in which the admixed water exists, and the test is not

applicable to butter which has been melted and reworked.

An alcoholic solution of sodium hydroxid, heated for a

moment with butter, and then emptied into cold water,

gives a distinct odor of pineapples (due to ethyl butyrate),

while oleomargarin gives only the alcoholic odor.

E. A. de Schweinitz and J. A. Emery (y. A. C. S., Feb.,

1896) have found that the heat of combustion of butter-
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fat differs notably from that of other fats. They regard

the method as capable of detecting small amounts of

adulteration. It requires a special form of calorimeter

which is not described in the article.

W. Arnold (quoted in Druggist's Circular, September,

1896) states that butter-fat is less transparent to X-rays

than many common fats, but the fact has not yet been

applied in a practicable form for analytic work.

Butter Colors.—Various vegetable colors have been

used in butter, especially turmeric and annotto, which are

still employed, but coal-tar colors are rapidly replacing

them. One of the first of this class to be used was " butter-

yellow" (dimethylamidoazobenzene), but latterly other

azo-colors readily soluble in oils have been employed.

Dairymen now use mostly proprietary preparations, but the

composition of these articles is liable to change, without

notice, as cheaper or more suitable colors are discovered.

Those now generally in use can scarcely be regarded as

dangerous, to health, since apart from the fact that few

coal-tar colors have appreciable toxic action, the quantity

used in the butter is very small. The normal coloring

matter of butter is not soluble in alcohol.

The following test, described by E. W. Martin, we

have found very satisfactory. Dissolve 2 parts of carbon

disulfid in 15 parts of alcohol, by adding small portions of

the disulfid to the alcohol and shaking gently ; 25 c. c. of

this mixture are placed in a convenient tube, 5 grams of

the butter-fat added, and the tube shaken. The disulfid

falls to the bottom of the tube, carrying with it the fatty

matter, while any artificial coloring matter remains in the

alcohol. The separation takes place in from one to three

minutes. If the amount of the coloring matter is small
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more of the fat may be used. If the alcoholic solution be

evaporated to dryness and the residue treated with concen-

trated sulfuric acid, annotto will be indicated by the pro-

duction of a greenish-blue color. With many samples of

oleomargarin a pink tint will be obtained which indicates

a coal-tar color.

CHEESE.

Cheese is the curd of milk which has been separated

from it, pressed, and undergone some fermentation. The

precipitation is produced either by allowing the milk to

become sour—when the lactic acid is the agent—or by

rennet. The first named method is mainly applied to the

manufacture of so-called Dutch or sour-milk cheese, green

Swiss cheese, and cottage cheese. More commonly cheese

is obtained by means of rennet derived from the fourth

stomach of the calf. The action is due to a non-organized

ferment (enzym) rennin, which acts directly on the pro-

teids and does not produce its effect through the interven-

tion of acids. (See p. II.) The curd (cheese) undergoes,

by keeping, various decompositions, some essentially putre-

factive, and due to the action of microbes. The decom-

position of the cheese is termed " ripening." In the

ripening of some cheeses, moulds as well as bacteria play

an important part. Thus, in the manufacture of Roquefort

cheese, mouldy bread is introduced between the layers of

curd, and the surrounding atmosphere is kept moist to

assist in the growth and development of the fungi.

In the sour-milk cheeses, ripening is restricted intention-

ally, since there is liability to an irregular and miscel-

laneous bacterial growth by which the fermentations may

be carried too far, undesirable and even harmful products

being formed. Such cheeses are intended for immediate use.
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Cheese contains no casein, if by this term is meant the

proteid as it exists in milk, or when precipitated from

milk by acids. When milk is coagulated by rennet, only

a part of the casein is found in the curd ; and, whereas,

true casein contains about 15.7 per cent, of nitrogen, the

proteid matter of cheese contains about 14.3 per cent.

Under the process of ripening this is further decomposed,

amido- and ammonium compounds being formed, and

possibly proteoses. The following figures, obtained by Van

Slyke, will serve to give some idea of the extent to which

the curd is changed in ripening. The figures represent

average percentage on the total nitrogen. The cheese in

question was an American cheddar.

Green Cheese. Afterfive months.

Soluble nitrogen compounds, . . 4.23 35-52
" amido "

. . None 11.66
" ammonium " . . None 2.92

Van Slyke's experiments seem also to indicate that the

cheese ripened more rapidly when the curd was precipi-

tated by a larger quantity of rennet and especially, that

cheese rich in fat ripened more rapidly than skim-milk

cheese.

The extent and character of the decomposition of the

curd varies greatly in the different varieties of cheese, the

fermentative process in each case being carried on by a dif-

ferent group of microorganisms. In the harder cheeses

the decomposition is slower and less complete than in the

softer ones, in which the fermentation process is of an in-

tensely active character. Recent progress in the study

of the bacteriology of cheese indicates that at no distant

date it will be possible to control the quality of the article
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by inoculating the milk or curd with pure cultures of

microorganisms.

In addition to the fat and nitrogenous compounds just

mentioned, cheese may contain a small amount of milk-

sugar and of lactic and other organic acids. There is

present also a certain proportion of mineral matter, alka-

line and earthy phosphates, along with any salt that has

been added. Traces of nitrates have been found.

Skimmed milk is not infrequently used for the produc-

tion of cheese. Foreign fats, such as are used in the

manufacture of oleomargarin, are sometimes incorporated,

the article being often known as " filled cheese."

The analytic points usually determined in regard to

cheese, are amounts of water, fat, casein, ash, the presence

of fats other than butter-fat, and coloring matters.

In addition to this, especially in comparing the qualities

of genuine cheeses, the proportion of proteic, amidic, and

ammoniacal nitrogen is of value.

Care should be taken to select for analysis a sample

which represents the average composition of the entire

cheese. A thin section, reaching to the center, is prefer-

able, and portions from various parts of this should be cut

fine and mixed. This should be done with as little expo-

sure to air as possible, to avoid loss of water.

The following methods for water, fat, ash, and total

nitrogen are provisionally adopted by the A. O. A. C:

—

Water.—From 5 to 10 grams of cheese should be
taken and placed in thin slices in a weighed platinum or

porcelain dish which contains a small quantity of freshly

ignited asbestos, to absorb the fat which may run out of

the cheese. The mass is then heated in a water oven for

ten hours, and weighed ; the loss in weight is to be con-
sidered as water.
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Ash.—The dry residue from the water determination

may be taken for the ash. If the cheese be rich, the as-

bestos will be saturated therewith. This mass may be

ignited carefully, and the fat allowed to burn off, the as-

bestos acting as a wick. No extra heating should be

applied during the operation, as there is danger of spurt-

ing. When the flame has died out, the burning may be
completed in a muffle at low redness. When desired, the

salt may be determined in the ash by titration with silver

nitrate and potassium chromate.

Fat (Ether extract).—Five to lo grams of the sample
are ground in a small mortar with about twice the weight

of anhydrous copper sulfate. The grinding should be
continued until the cheese is finely pulverized and evenly

distributed throughout the mass, which will have a uniform

blue color. This mixture is transferred to a glass tube

which has strong filter paper, supported by a piece of mus-
lin, tied over the end. A little of the clean anhydrous
copper sulfate is put into the tube next to the filter before

introducing the mixture containing the cheese. On top

of the mixture is placed a tuft of ignited asbestos, and the

contents of the tube extracted with anhydrous ether in

the continuous extraction apparatus, for fifteen hours. The
ether is removed as usual and the fat dried at 212° F., to a

constant weight. (The fat-free thimbles noted in connec-
tion with the description of the Adams process will proba-
bly be found convenient substitutes for the glass tube and
filter. The fat-free residue should be tested for starch.)

Nitrogen.—The nitrogen of about two grams of the

cheese is determined by the Kjeldahl-Gunning method.

The above processes may be advantageously modified in

some respects. The determination of water may be made
by the extraction of the cheese with alcohol and ether and

drying of the alcohol-ether extract and fat-free solids

separately. Blyth recommends this method as more
accurate and less tedious than the direct drying. In the
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determination of ash, it will be better to extract the

charred mass with water and proceed as described in the

determination of the ash of milk.

The fat extracted by ether may be examined for other

than butter-fat by the Reichert method in the usual way.

When the composition of the fat is alone desired, it may
often be extracted by simpler methods. Pearmain and

Moor recommend that 50 grams be chopped fine and

tied up in a muslin bag, which is placed in a water-bath.

When the water is heated the fat will generally run out

clear. If not clear it can be filtered through paper.

O. Henzold (abstract in Analyst, 1895) suggests the

following : Three hundred grams of the powdered cheese

are agitated in a wide-neck flask with 700 c. c. of 5 per

cent, solution of potassium hydroxid previously warmed to

20° C. In about ten minutes the cheese dissolves, the fat

floats, and by cautious shaking may be collected in lumps.

The liquid is diluted, the fat removed, washed in very cold

water, kneaded as dry as possible, melted, and filtered. It

is claimed that the fat is not altered in composition by the

process.

The fat of cheese may be estimated by the centrifugal

method, as follows :

—

About 3 grams of the mixed cheese are weighed and

transferred to the bottle, the last portions being washed

in with the aid of water. A few drops of ammonium
hydroxid are added, and sufficient water to make the

liquid about 15 c. c. The liquid is warmed with occa-

sional shaking until the cheese is well disintegrated, and

then treated as a sample of milk. The percentage of fat is

found by multiplying the percentage reading by 15.45 and

dividing by the number ofgrams ofcheese taken for analysis.
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Chattaway, Pearmain, and Moor use the following modi-

fication : Two grams of the cheese are placed in a small

dish and heated on the water-bath with 30 c. c. of con-

centrated hydrochloric acid until a dark, purplish-colored

solution is produced. The mixture is now poured into

the test-bottle, portions of solution remaining in the dish

rinsed with the hydrochloric acid fusel-oU mixture into the

bottle, and, finally, enough strong hot acid added to fill

the bottle up to the mark. It is then whirled for about a

minute.

Bondzynski (Analyst, abst.) applies the Werner-Schmid

method to the determination of fat in cheese, as follows

:

A weighed quantity of the finely-shredded cheese is placed

in the tube and decomposed with 20 c. c. hydrochloric

acid of specific gravity i.i, containing about 19 per cent.

HCl. On cautiously warming over wire gauze, the melted

fat rises to the surface. After cooling, 30 c. c. of ether

are added and the tube warmed very gently until the acid

and ethereal solution of fat separate sharply. Centrifugal

force helps this, but is not essential. After the volume of

ether has been read off, 20 c. c. are pipetted off into a

weighed Erlenmeyer flask. From this the quantity of fat

in the entire solution may be calculated.

Determination of proteid nitrogen (Stutzer's method).

—

Place 0.7 to 0.8 gram of the cheese in a beaker, heat to

boiling, add two or three c. c. of saturated alum solution

. (to decompose alkaline phosphate), add a quantity of copper

hydroxid mixture prepared as below, containing about 0.5

gram of the hydroxid, and stir thoroughly; filter when
cold, wash with cold water, and without removing the

precipitate from the filter determine the nitrogen by the

Kjeldahl-Gunning method. Before distillation, sufficient
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potassium sulfid solution must be added to precipitate the

copper.

Copper hydroxid mixture.—Dissolve 20 grams of pure

crystallized copper sulfate in one liter of water, and add

five c. c. glycerol ; add dilute solution of sodium hydroxid

until the solution is alkaline; filter; rub the preparation

up with water containing five c. c. of glycerol per liter,

and then wash by decantation or filtration until the wash-

ings are no longer alkaline. Rub the preparation up again

in a mortar with water containing ten per cent, glycerol,

thus preparing a uniform gelatinous mass that may be

measured with a pipette. Determine the quantity of cop-

per hydroxid per centimeter of this mixture.

Another method is' to heat a portion of the cheese with

water, precipitate the soluble proteids by lead acetate, and

determine separately the nitrogen in the insoluble portion

and lead acetate precipitate.

Ammonium compounds.—About five grams of cheese are

rubbed up in a mortar with water, transferred to a filter,

and washed with a liter of cold water. The filtrate concen-

trated by boiling (if alkaline, it must be neutralized before

heating), magnesia added, the liquid distilled, and the am-

monium hydroxid in the distillate estimated by titration

with standard acid.'

Amido-compounds.—The nitrogen asamido-compounds is

estimated by subtracting from the figure for total nitrogen,

the sum of the proteid and ammoniacal nitrogen. If

nitrates are present, the nitrogen as such should also be

estimated and subtracted.

Chrome yellow has been found in the rind of cheese. It

may be detected by ashing the sample in a porcelain cruci-

ble, assisting the burning of the carbon by a little nitric
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acid, and applying the usual tests for lead and chro-

mium.
ANALYSES OF VARIOUS CHEESES.

(Reports by Chattaway, Pearmain, and Moor.)

Cheddar,
Gorgonzola, .

Dutch, . . .

Gruydre, . .

Stilton, . . .

Cheshire, . .

Gloucester,

Camembert,
Parmesan, . .

Roquefort, .

Double Cream,
American, . .
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FERMENTED MILK PRODUCTS.
The usual fermentation of milk is the conversion of the

lactose into lactic acid, but by special methods other

changes may be substituted. These modified fermenta-

tions are of rather ancient origin, and being produced by

mixture of organisms, the products are complex and ir-

regular. The proteids are more or less changed into pro-

teoses and peptones. With advances in mycology, it will

be possible to carry out each fermentation by a pure cul-

ture and thus obtain a product of any desired compo-

sition.

Kumiss is milk which has undergone alcoholic fermen-

tation. The inhabitants of the steppes of Russia prepare

it from mare's milk. When cow's milk is used, cane-

sugar must be added. It is often made by adding cane-

sugar and yeast to skim-milk.

Vieth {Analyst, 1885 and 1886) gives the following

analyses of kumiss :—

KUMISS FROM COW'S MILK
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Stances precipitated by tannin after removal of the casein

and albumin.

KUMISS FROM MARE'S MILK.

At the Alcohol Fat Nitrogenous Lactic Sugar Ash
end of Matters Acid

I day, . 2.47 1.08 2.25 0.64 2.21 0.36

8 days, 2.70 1.13 2.00 1.16 0.69 0.37
22 "

. . 2 84 1.27 1.97 1.26 0.51 0.36

Kefyr.^This is usually made from cow's milk. It has

been used in the Caucasus for centuries. For its prepara-

tion a peculiar ferment is used, which is contained in the

kefyr grains. These are first soaked in water, by which

they are caused to swell, and are rendered more active and

then added to the milk. If taken out of the milk and

dried, the grains may be used repeatedly.

The following analysis is given by Hammarsten (quoted

by Aikman, " Milk, Its Nature and Composition ") :

—

Alcohol, . 0.72
Fat, . .... . . . 3.08
Casein, . . 2.94
Albumin, . . 0.186
Peptones, 0.067
Lactose, .... . . . 2.685
Lactic Acid .727
Ash, . .708

According to Konig, good kefyr will not contain more
than one per cent, of lactic acid.
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VIETH'S TABLE FOR CORRECTING THE SPE-
CIFIC GRAVITY OF MILK FOR TEM-

PERATURE, EXTENDED BY
COCHRAN.

Thefiguresfor temperatures frotn 38° to 4^" inclusive, were determined

by experiment by C. B. Cochran.

DIRECTIONS FOR USE.

Find the Temperature of the Milk in the uppermost horizontal line,

and the Specific Gravity in the' first vertical column. In the same

line with the latter, under the Temperature, is given the Corrected

Specific Gravity.



io8 APPENDIX.

Sp. Gr.
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Sp. Ge.
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TOTAL SOLIDS CALCULATED.

B

TOTAL SOLIDS CALCULATED FROM FAT AND
SPECIFIC GRAVITY.

Foinnda of Hehner and Richmond, corrected by H. Droop Richmond.

T. S. = 1 F + 0.14.

Sp. Gr.
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WEIN'S TABLE FOR EQUIVALENTS OF LAC-
TOSE, CALCULATED FOR USE IN

SOXHLET'S METHOD.

0.

O
u
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The weights of copper and lactose (CijHjjOn -\- H2O) are

in milligrams. For amounts of copper intermediate be-

tween those given in the table, the quantity of lactose is

determined by the factor in the third column, which repre-

sents the weight of copper corresponding to i milligram

of lactose at that point. Thus, if 178 milligrams of cop-

per are obtained, the calculation will be 178 — 175 =3 ;

3X -75 =2-25 additional milligrams of lactose; 175^
127. 8. •. 178= 130.00. The figure in the second decimal

place in the product may be disregarded. The equivalent

weights of copper and copper oxid are almost exactly in the

ratio of 4 to 5, hence, if the weight _is in terms of copper

oxid, it may be converted into copper by multiplying by o. 8.

Addendum to page 2g.

The mixture of amyl alcohol and hydrochloric must not

be drawn into the measuring pipet by suction. It should

be kept in a bottle provided with a pipet which can be filled

to the mark by dipping, or the Greiner overflow-pipet may
be used. Rigid accuracy in the measurement of the solu-

tion is not needed.

Addendum to page 46.

N. Leonard {Analyst, June, 1896) finds that the addition

of a trace of ferric chlorid to the sulfuric acid increases

the delicacy of Hehner's test for formaldehyde.
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A BNORMAL milks, 62
** Acetic acid test, 84
Acid mercuric iodid, 72
Adams' method, 23
Adulterants of milk, 42
Albumin, lo

in condensed milk, 36
, determination of, 35, 36

Alumina cream, 72
Amido-compounds, 103
Ammonium compounds, 103
Analytic processes, 18

Annotto, 44, 62, 96
Antiseptics, 45, 77
Ash, 13, 22, 76
Average solids in milk, 53

TDABCOCK'S method for solids, 21
"^^ Bacteria in milk, 15
Baking soda, 50
Benzoates, 47
Birotation, 42
'* Black pepsin," 75
Blue milk, 62

Borax, 45
Boric acid, 45, 48, 50, 52

Breed, influence of, 56
Butter, 75

, calorimetric test for, 95
, colors, 96
, ether test for, 95
, fat, 10
, melting point of, 94
, pan-test for, 95
, specific gravity of, 94
, yellow, 96

Buttermilk, 17

pALCULATION method, 29^ Cane-sugar, 44, 66, 70, 72
Caramel, 44
Carotin, 44
Casein, 10, 75-6

in butter, 75-6

Casein, determination of, 35, 36
Caseinogen, 11

Cheddar cheese, 98
Cheese, 97

, analyses of, gg, 100, 104
, cottage, 97
, Dutch, 97
, filled, 99
, green, 97
, proteid nitrogen in, 102

, ripening, 97
, skim-milk, gg
, sour-milk, 97
, Swiss, 97

Chrome-yellow, 103
Citric acid, 12

Coloring matters, 44, 61

Colostrum, 11-12-13

corpuscle, 13
Condensed milk, 64, 65

, composition of, 64, 74
Copper hydroxid mixture, 103
Cream, 16

evaporated, 64
Curd of milk, 11, 17

r\ECOMPOSED milk, 18
*-^ Decomposition of milk, 15
Diseases due to milk, 5g
Distillation method, 78, 8i
" Double dilution " method forsugar,4i
Drought, effect of, 56

ENZYMES in milk, 12-16

Evaporated cieam, 64

"C^AT,g, 23, 66
"*• in butter, 75-6

, extraction from cheese, 100, loi

globules, g
Kehling's solution, 37
Fermentation method, 73
Fermented milk product?, 105
Formaldehyde, 45-47, 51

118
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Formalin, 45, 51
Formula, Hehner and Richmond, 29

, Richmond, 30
Fluidometer, 92
Freezing, effect of, 16

r^ERRARD-ALLEN method, 70
^*^ Globulin, 12

Glycerol-soda, 78

tJEHNER'Stest, 47^^
' and Angell's method, i

Hoppe-Seyler method, 35
Hiibl's method, 85

jaiTRATES inmUk, 42

QLEOMARGARIN, 76^^ Oleorefractometer, 94

PARAFORMALDEHYDE, 52^ Pavy's solution, 38, 68
Poisonous effects, 16
Polarimeters, 39, 71
Polarimetry, 39
Preservaline, 52
Preservation of samples, 51
Preservatives, 45, 51
Protcitis, 10, 66

, determination of, 31
Pyknometer, 20

tNSOLUBLE acids, 88
* Inversion of sucrose, 67
Invertase, 67
Invert-sugar, 72
lodin number, 85

T^EFYR, 106
•^^ Kjeldahl-Gunning method, 31
KoeLtstorfer number, 90
Kumiss, 105

T ACTALBUMIN, 10, 11
'^ Lactodensimeter, 19
Lactometer, 19
Lactose, 12, 66

, table for, 117
Leffmann Beam method, 26,

TWrARGARIN, 76
^'^ Martius' yellow, 44, 61
Methyl aldehyde, 45
Microbes in milk, 15
Milk, abnormal, 55

adulterants, 42
, blue, 62

, composition of, 53
• inspection, 53
, nature of, 9

Milks of various animals, 14
Milk products, 64

, red, 62
, ropy, 62

•— • scale, 30
standards, 54, 57-8
sugar, 12, 66

, variations in, 52
Mineral matters of milk, 13

"p ECKNAGEL'S phenomenon, 15, 18*^ Red milk. 62
Refriictive index, 93
Reichert method, 78, 81
Rennet, 97

, action of, 11

Rennin, 97
Richmond's ratio, 43
Ritthausen method, 33-4, 35
Ropy milk, 62

CALICYLIC acid, 45, 50^ Salt, 45, 75-6
Sanitary relations, 58
Saponification, 81

equivalent, 90
flasks, 81

Schiff's reagent, 46
Season, influence of, 57
Separator milk, 17, 59
Skim-milk, 59
Slide-rule, 29
Sodium benzoate, 45

acid carbonate, 50
carbonate, 45, 50

Solids, deficiency in, 55
, excess of, 55

Soluble acids, 88
Sour milk, analysis of, 25
Soxhlet's method for lactose, 37
Specific gravity, 19

, change in, 15, 18

Specific rotatory power, 40
Starch, 44
Sterilized milk, 15, 60
Sucrose, 66, 70, 72
Sugar of milk, determination of, 37

^ABLE for lactose, 116
for temperature, 107

for total solids, 111
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Temperature, correction for, 107

Thomson's method, 49
Total proteids, 31, 33

solids, 21

solids calculated,m
solids, decrease of, 18

Tuberculosis, 59

VALENTA'S test, 84
Vieth's method for solids, 21

- ratio, 43

ViscDsimeter, gi

Viscosity of butter, 91

WATER in butter, 75-76

in milk, 42

Werner-Schmid method, 25

Westphal balance, 19

Whey, 17
Wiley and Ewell's method for sugar^ 41

Wiley's method, 38
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WATTS. Inorganic Chemistry. Physical and Inorganic. (Being
the 14th Edition of Fowne's Physical and Inorganic Chemistry.)
With Colored Plate of Spectra and other Illustrations. $2.00

WOODY. Essentials of Chemistry and Urinalysis. 4th
Edition. Illustrated. In Press.

*** special Catalogue ofBooks on Chemistry free upon application.

CHILDREN.
CAUTLIE. Feeding of Infants and Young Children by Nat-
ural and Artificial Methods. Just Ready. J2.00

HALE. On the Management of Children in Health and Dis-
ease. .50

HATFIELD. Compend of Diseases of Children. With a
Colored Plate. 2d Edition. .80 ; Interleaved, J1.25

IRELAND. Mental Affections of Children. Idiocy, Imbe-
cility, etc. In Press.

MEIGS. Infant Feeding and Milk Analysis. The Examination
of Human and Cow's Milk, Cream, Condensed Milk, etc., and
Directions as to the Diet of Young Infants. .50

MONEY. Treatment of Diseases in Children. Including the
Outlines of Diagnosis and the Chief Pathological Differences Between
Children and Adults. 2d Edition. J2.50

POWER. Surgical Diseases of Children and their Treat-
ment by Modern Methods. Illustrated. $2.50

STARR. The Digestive Organs in Childhood. The Diseases ot
the Digestive Organs in Infancy and Childhood. With Chapters on
the Investigation of Disease and the Management of Children, zd
Edition, Enlarged. Illustrated by two Colored Plates and numerous
Wood Engravings. J2.00

STARR. Hygiene of the Nursery. Including the General Regi-
men and Feeding of Infants and Children, and the Domestic Manage-
ment of the Ordinary Emergencies of Early Life, Massage, etc. 6th
Edition. 25 Illustrations. Just Ready. $1.00

TAYLOR AND WELLS. The Diseases of Children. Illus-

trated. A New Text-Book. Nearly Ready.

CLINICAL CHARTS.
GRIFFITH. Graphic Clinical Chart for Recording Temper-
ature,^Respiration, Pulse, Day of Disease, Date, Age, Sex,
Occupation, Name, etc. Printed in three colors. Sample copies
free. Put up in loose packages of fifty, .50. Price to Hospitals, 500
copies, J4.00 ; 1000 copfes, $7.50. With name of Hospital printed
on, .50 extra.

KEEN'S CLINICAL CHARTS. Seven Outline Drawings of the
Body, on which may be marked the Course of Disease, Fractures,
Operations, etc. Pads of fifty, Ji.oo. Each Drawing may also be
had separately, twenty-five to pad, 25 cents.



MEDICAL BOOKS.

DEFORMITIES.
REEVES. Bodily Deformities and Their Treatment. A
Hand-Book of Practical Orthopedics. 228 Illustrations, |i>75

HEATH Injuries and Diseases of the Javrs. 187 Illustrations.

4th Edition. Cloth, ^.50

DENTISTRY.
special Catalogue 0/ Dental Books sent free upon application.

BARRETT. Dental Surgery for General Practitioners and
Students of Medicine and Dentistry. Extraction of Teeth,
etc. 3d Edition. Illustrated. Nearly Ready.

BLODGETT. Dental Pathology. By Albert N. Blodgett,
M.D., late Professor of Pathology and Therapeutics, Boston Dental
College. 33 Illustrations. $1.25

FLAGG. Plastics and Plastic Filling, as Pertaining to the Filling

of Cavities in Teeth of all Grades of Structure. 4th Edition. $4.00

FILLEBRO^VN. A Text-Book of Operative Dentistry.
Written by invitation of the National Association of Dental Facul-
ties, Illustrated. $2.25

GORGAS. Dental Medicine. A Manual of Materia Medica and
Therapeutics. 6th Edition, Revised. Cloth, ^4.00; Sheep, J5.00

HARRIS. Principles and Practice of Dentistry. Including
Anatomy, Physiology, Pathology, Therapeutics, Dental Surgery,
and Mechanism. 13th Edition. Revised by F. J. S. Gorgas, m.d.,
D.D.s. 1250 Illustrations. Cloth, ^6.00; Leather, $7.00

HARRIS. Dictionary of Dentistry. Including Definitions of Such
Words and Phrases of the Collateral Sciences as Pertain to the Art and
Practice of Dentistry, 5th Edition. Revised and Enlarged by Fer-
dinand F. S. GoRGAS, M.D., D.D.s. Cloth, ^4.50; Leather, $5.50

HEATH. Injuries and Diseases of the Jaws. 4th Edition 187
Illustrations. |4-5o

HEATH, Lectures on Certain Diseases of the Taws. 64
Illustrations. Boards, ,50

RICHARDSON. Mechanical Dentistry. 7th Edition. Thor-
oughly Revised and Enlarged by Dr. Geo. W. Warren. 6gi Illus-

trations. Cloth, ^5.00; Leather, |6.oo

SEWELL. Dental Surgery. Including Special Anatomy and
Surgery. 3d Edition, with 200 Illustrations. ^s.oo

TAFT. Operative Dentistry. A Practical Treatise. 5th Edition.

100 Illustrations. In Press.

TAFT. Index of Dental Periodical Literature. $2.00

TALBOT. Irregularities of the Teeth and Their Treatment.
2d Edition. 234 Illustrations. I300

TOMES. Dental Anatomy. Human and Comparative. 235 Illus-

trations. 4th Edition. $3-5°

TOMES. Dental Surgery. 3d Edition. 292 Illustrations. $4.00

WARREN. Compend of Dental Pathology and Dental Medi-
cine. With a Chapter on Emergencies. 3d Edition. Illustrated.

Just Ready. .80; Interleaved, $1.25

WARREN. Dental Prosthesis and Metallurgy. 129 Ills. I1.25

^VHITE. The Mouth and Teeth. Illustrated. .40

*#* Special Catalogue of Dental Booksfree upon application.



SUBJECT CATALOGUE.

DICTIONARIES.
GOULD. The Illustrated Dictionary of Medicine, Biology,
and Allied Sciences. Being an Exhaustive Lexicon of Medicine
and those Sciences Collateral to it: Biology (Zoology and Botany),
Chemistry, Dentistry, Parmacology, Microscopy, etc., with many
useful Tables and numerous fine Illustrations. 1633 pages. 3d Ed.
Sheep or Half Dark Green Leather, £10.00; Thumb Index, $11.00

Half Russia, Thumb Index, ^12.00

GOULD. The Medical Student's Dictionary. Including all the

Words and Phrases Generally Used in Medicine, with their Proper
Pronunciation and Definition, Based on Recent Medical Literature.

With Tables of the Bacilli, Micrococci, Mineral Springs, etc., of the

Arteries, Muscles, Nerves, Ganglia, and Plexuses, etc. loth Kdition.
Rewritten and Enlarged. Completely reset from new type. 700pp.

Half Dark Leather, $3.25 ; Half Morocco, Thumb Index, ^.00
GOULD, The Pocket Pronouncing Medical Lexicon. (12,000
Medical Words Pronounced and Defined.) Containing all the Words,
their Definition and Pronunciation, that the Medical, Dental, or
Pharmaceutical Student Generally Comes in Contact With ; also

Elaborate Tables of the Arteries, Muscles, Nerves, Bacilli, etc., etc.,

a Dose List in both English and Metric System, etc. Arranged in a
Most Convenient form for Reference and Memorizing.

Full Limp Leather, Gilt Edges, $1.00; Thumb Index, $1.25

70,000 Copies of Gould's Dictionaries Have Been Sold.
*** Sample Pages and Illustrations and Descriptive Circulars of

Gould's Dictionaries sent free upon application.

HARRIS. Dictionary of Dentistry. Including Definitions of Such
Words and Phrases of the Collateral Sciences as Pertain to the Art
and Practice of Dentistry. 5th Edition. Revised and Enlarged by
Ferdinand J. S. Gorgas, m.d., d.d.s. Cloth, ^.50; Leather, $5.50

LONGLEY. Pocket Medical Dictionary. With an Appendix,
containing Poisons and their Antidotes, Abbreviations used in Pre-
scriptions, etc. Cloth, .75; Tucks and Pocket, $1.00

MAXWELL. Terminologia Medica Polyglotta. By Dr.
Theodore Maxwell, Assisted by Others. $3.00
The object of this work is to assist the medical men ot any nationality

in reading medical literature written in a language not their own.
Each term is usually given in seven languages, viz. : English, French,
German, Italian, Spanish, Russian, and Latin.

TREVES AND LANG. German-English Medical Dictionary.
Half Russia, J3.25

KAR (see also Throat and Nose).

HOVELL. Diseases of the Ear and Naso-Pharynx. Includ-
ing Anatomy and Physiology of the Organ, together with the Treat-
ment of the AflFections of the Nose and Pharynx which Conduce to
Aural Disease. 122 Illustrations. fS-oo

BURNETT. Hearing and How to Keep It. Illustrated. .40

DALBY. Diseases and Injuries of the Ear. 4th Edition. 38
Wood Engravings and 8 Colored Plates. $2-50

PRITCHARD. Diseases of the Ear. 3d Edition, Enlarged.
Many Illustrations and Formulae. $i-5o

WOAKES. Deafness, Giddiness, and Noises in the Head.
4th Edition. Illustrated. $2.00



MEDICAL BOOKS.

ELECTRICITY.
BIGELOW. Plain Talks on Medical Electricity and Bat-

teries. With a Therapeutic Index and a Glossary. 43 Illustra-

tions. 2d Edition. ^i.oo

JONES. Medical Electricity. 2d Edition. 112 Illustrations. $2.50

MASON. Electricity ; Its Medical and Surgical Uses. Numer-
ous Illustrations. ,75

EYE.
A special Circular 0/ Books on the Eye sent free upon application.

ARLT. Diseases of the Eye. Clinical Studies on Diseases of the
Eye. Authorized Translation by Lyman Ware, m.d. Illustrated.

I1.25
FICK. Diseases of the Eye and Ophthalmoscopy. Trans-

lated by A. B. Hale, m. d. 157 Illustrations, many of which are in

colors, and a glossary. Cloth, ^4.50 ; Sheep, $5.50

GOULD AND PYLE. Compend of Diseases of the Eye and
Refraction. Including Treatment and Operations, and a Section
on Local Therapeutics. With Formulae, Useful Tables, a Glossary,
and III Illustrations, several of which are in colors. Just Ready.

Cloth, .80; Interleaved, $1.00

GOWERS. Medical Ophthalmoscopy. A Manual and Atlas
with Colored Autotype and Lithograpnic Plates and Wood-cuts,
Comprising Original Illustrations of the Changes of the Eye in Dis-
eases of the Brain, Kidney, etc. 3d Edition. ^4.00

HARLAN. Eyesight, and How to Care for It. Illus. .40

HARTRIDGE. Refraction. 96 Illustrations and Test Types.
8th Edition, Enlarged. ^1.50

HARTRIDGE. On the Ophthalmoscope. 3d Edition. With
72 Colored Plates and many Wood-cuts. |i-5o

HANSELL AND BELL. Clinical Ophthalmology. Colored
Plate of Normal Fundus and 120 Illustrations. |i-5o

MACNAMARA. On the Eye. 5th Edition. Numerous Colored
Plates, Diagrams of Eye, Wood-cuts, and Test Types. $3.50

MORTON. Refraction of the Eye. Its Diagnosis and the Cor-
rection of its Errors. With Chapter on Keraloscopy and Test
Types, 6th Edition. Ji.oo

OHLEMANN. Ocular Therapeutics. Authorized Translation,
and Edited by Dr. Charles A. Oliver. In Press.

PHILLIPS. Spectacles and Eyeglasses. Their Prescription
and Adjustment. 2d Edition. 49 Illustrations. ^i.oo

SWAN2Y. Diseases of the Eye and Their Treatment. 6th
Edition, Revised and Enlarged. 158 Illustrations, i Plain Plate,
and a Zephyr Test Card. ^3.00

THORINGTON. Retinoscopy. -i^Y.^.. WX^xs,. Just Ready. $1.00

WALKER. Students' Aid in Ophthalmology. Colored Plate
and 40 other Illustrations and Glossary. $^-5o

FEVERS.
COLLIE. On Fevers. Their History, Etiology, Diagnosis, Prog-

nosis, and Treatment. Colored Plates. J2.00

GOODALL AND WASHBOURN. Fevers and Their Treat-
ment. Illustrated. $3-00



SUBJECT CATALOGUE.

GOUT AND RHEUMATISM.
DUCKWORTH. A Treatise on Gout. With Chromo-Hthographs
and Engravings. Cloth, ^6.00

GARROD. On Rheumatism. A Treatise on Rheumatism and
Rheumatic Arthritis. Cloth, ^5.00

HAIG. Causation of Disease by Uric Acid. A Contribution to

the Pathology of High Arterial Tension, Headache, Epilepsy, Gout,
Rheumatism, Diabetes, Bright's Disease, etc. 4th Edition. $3-oo

HEADACHES.
DAY, On Headaches. The Nature, Causes, and Treatment ot
Headaches. 4th Edition, Illustrated. $1.00

HEALTH AND DOMESTIC MEDI-
CINE (see also Hygiene and Nursing).

BUCKLEY. The Skin in Health and Disease. Illus. ,^o

BURNETT. Hearing and How to Keep It. Illustrated. .40

COHEN. The Throat and Voice. Illustrated. .40

DULLES. Emergencies. 4th Edition. Illustrated. Ji.oo

HARLAN. Eyesight and How to Care for It. Illustrated. .40

HARTSHORNE. Our Homes. Illustrated. .40

OSGOOD. The Winter and its Dangers. .40

PACKARD. Sea Air and Bathing. .40

PARKES. The Elements of Health. ^1.25

RICHARDSON. Long Life and How to Reach It. ,40

WESTLAND. The Wife and Mother. $1.50

WHITE. The Mouth and Teeth. Illustrated, .40

WILSON. The Summer and its Diseases, .40

^VOOD. Brain ^Vork and Overwork. .40

STARR. Hygiene of the Nursery. 5th Edition. $1.00

CANFIELD. Hygiene of the Sick-Room. $1.25

HEART.
SANSOM. Diseases of the Heart. The Diagnosis and Pathology

of Diseases of the Heart and Thoracic Aorta. With Plates and other
Illustrations. $6,00

HISTOLOGY.
STIRLING. Outlines of Practical Histology. 368 Illustrations.
2d Edition, Revised and Enlarged. With new Illustrations. $2.00

STOHR. Histology and Microscopical Anatomy. Translated
and Edited by A. Schaphr, m.d., Harvard Medical School. 268
Illustrations. $3>oo



MEDICAL BOOKS.

HYGIENE AND WATER ANALYSIS.
Special Catalogue of Books on Hygiene sent free upon application,

CANFIELD. Hygiene of the Sick-Room. A Book for Nurses
and Others. Being a Brief Consideration of Asepsis, Antisepsis, Dis-
infection, Bacteriology, Immunity, Heating and Ventilation, and
Kindred Subjects. $i'25

COPLIN AND BEVAN. Practical Hygiene. A Complete
American Text-Book. 138 Illustrations. Cloth, J3.25; Sheep, J4.25

FOX. Water, Air, and Food. Sanitary Examinations of Water,
Air, and Food. 100 Engravings. 2d Edition, Revised, $3-5o

KENWOOD. Public Health Laboratory Work. 116 Illustra-

tions and 3 Plates. ^2.00

LEFFMANN. Examination of ^Vater for Sanitary and
Technical Purposes. 3d Edition. Illustrated, $1-25

LEFFMANN. Analysis of Milk and Milk Products. Illus-

trated. ^1.25

LINCOLN. School and Industrial Hygiene. .40

MACDONALD.' Microscopical Examinations of Water and
Air. 25 Lithographic Plates, Reference Tables, etc. 2d Ed. ^2.50

McNEILL. The Prevention of Epidemics and the Construc-
tion and Management of Isolation Hospitals. Numerous Plans
and Illustrations. $3<50

NOTTER AND FIRTH. The Theory and Practice of Hygiene.
(Being the 9th Edition of Parkes' Practical Hygiene, rewritten and
brought up to date.) 10 Plates and 135 other Illustrations. 1034
pages. 8vo. ^7-00

PARKES. Hygiene and Public Health. By Louis C. Parkes,
M.D. 5th Edition. Enlarged. Illustrated. $2.50

PARKES. Popular Hygiene. The Elements of Health. A Book
for Lay Readers. Illustrated. ?i.25

STARR. The Hygiene of the Nursery. Including the General
Regimen and Feeding of Infants and Children, and the Domestic
Management of the Ordinary Emergencies of Early Life, Massage,
etc. 6th Edition. 25 Illustrations. $1.00

STEVENSON AND MURPHY. A Treatise on Hygiene. By
Various Authors. In Three Octave Volumes. Illustrated.

Vol. I, $6.00; Vol. II, $6.00; Vol. Ill, $5.00

*#* Each Volume sold separately. Special Circular upon application.

W^ILSON. Hand-Book of Hygiene and Sanitary Science.
Wiih Illustrations. 8th Edition. Preparing.

WEYL. Sanitary Relations of the Coal-Tar Colors. Author-
ized Translation by Henry Leffmann, m.d., ph.d. fi.25

%* Special Catalogue 0/ Books on Hygienefree upon application.

LUNGS AND PLEURiE.
HARRIS AND BEALE. Treatment of Pulmonary Consump-
tion. $2.50

POWELL. Diseases of the Lungs and Pleurae, including
Consumption. Colored Plates and other Illus. 4th Ed. $4.00

TUSSEY. High Altitudes in the Treatment of Consumption.
Just Ready. J*. 50



SUBJECT CATALOGITK.

MASSAGE.
KLEEN. Hand-Book of Massage. Authorized translation by
MussEY Hartwell, M.D., PH.D. With an Introduction by Dr. S.

Weir Mitchell. Illustrated by a series of Photographs Made
Especially by Dr. Kleen for the American Edition. ^2.25

MURRELLr. Massotherapeutics. Massage as a Mode of Treat-
ment. 5th Edition. $1-25

OSTROM. Massage and the Original Swedish Move-
ments. Their Application to Various Diseases of the Body. A
Manual for Students, Nurses, and Physicians. Third Edition, En-
larged. 94 Wood Engravings, many of which are original. $1.00

MATERIA MEDICA AND THERA-
PEUTICS.

ALLEN, HARLAN, HARTE, VAN HARLINGEN. A
Hand-Book of Local Therapeutics, Beinga Practical Description
of all those Agents Used in the Local Treatment of Diseases of the
Eye, Ear, Nose and Throat, Mouth, Skin, Vagina, Rectum, etc.,

such as Ointments, Plasters, Powders, Lotions, Inhalations, Supposi-
tories, Bougies, Tampons, and the Proper Methods of Preparing and
Applying Them. Cloth, 583.00 ; Sheep, ^.00

BIDDLE. Materia Medica and Therapeutics. Including Dose
List, Dietary for the Sick, Table of Parasites, and Memoranda of
New Remedies. 13th Edition, Thoroughly Revised in accord-
ance with the new U. S. P. 64 Illustrations and a Clinical Index.

Cloth, ^00; Sheep, 1^5.00

BRACKEN. Outlines of Materia Medica and Pharmacology. By
H. M. Bracken, University of Minnesota. J2.75

DAVIS. Materia Medica and Prescription Writing. $150

FIELD. Evacuant Medication. Cathartics and Emetics. $1.75

GORGAS. Dental Medicine. A Manual of Materia Medica and
Therapeutics. 6th Edition, Revised. Just Ready. $4-oo

HELLER. Essentials of Materia Medica, Pharmacy, and
Prescription Writing. $1.00

MAYS. Theine in the Treatment of Neuralgia. % bound, .50

NAPHEYS. Modern Therapeutics, gth Revised Edition, En-
larged and Improved. In two handsome volumes. Edited by Allen
J. Smith, m.d., and J. Aubrey Davis, m.d.
Vol. I. General Medicine and Diseases of Children. $4.00
Vol. II. General Surgery, Obstetrics, and Diseases of Women. $4.00

POTTER. Hand-Book of Materia Medica, Pharmacy, and
Therapeutics, including the Action of Medicines, Special Therapeu-
tics, Pharmacology, etc., including over 600 Prescriptions and For-
mulae. 6th Edition, Revised and Enlarged. With Thumb Index in
each copy. Cloth, J4. 50; Sheep, $5.50

POTTER. Compend of Materia Medica, Therapeutics, and
Prescription VVriting, with Special Reference to the Physiologi-
cal Action of Drugs. 6th Revised and Improved Edition, based upon
the U, S. P. i8go .80 ; Interleaved, J1.25



MEDICAL BOOKS.

SAYRE, Organic Materia Medica and Pharmacognosy. An
Introduction to the Study of the Vegetable Kingdom and the Vege-
table and Animal Drugs. Comprising the Botanical and Physical
Characteristics. Source, Constituents, and Pharmacopeial Prepara-
tions. With chapters on Synthetic Organic Remedies, Insects In-
jurious to Drugs, and Pharmacal Botany. A Glossary and 543 Illus-

trations, many of which are original. ^4.00

WARING. Practical Therapeutics. 4th Edition, Revised and
Rearranged. Cloth, $2.00; Leather, $3.00

WHITE AND WILCOX. Materia Medica, Pharmacy, Phar-
macology, and Therapeutics. 3d American Edition, Revised by
Reynold W. Wilcox, m.a., m.d., ll.d. Clo., $2.75; Lea., J3.25

MEDICAL JURISPRUDENCE AND
TOXICOLOGY.

REESE. MedicalJurisprudence and Toxicology. A Text-Book
for Medical and Legal Practitioners and Students, 4th Edition.
Revised by Henry Lbffmann, m.d. Clo., ^3.00; Leather, J3.50

for Medical and Legal Practitioners and Students. _ 4th Edition.
" " " Lb

" To the student of medical jurisprudence and toxicology it is in-

valuable, as it is concise, clear, and thorough in every respect."

—

The
AmericanJournal ofthe Medical Sciences.

MANN. Forensic Medicine and Toxicology. Illus. I6.50

MURRELL. What to Do in Cases of Poisoning. 7th
Edition, Enlarged. ji.oo

TANNER. Memoranda of Poisons. Their Antidotes and Tests.
7th Edition. ,y5

MICROSCOPY.
BEALE. The Use of the Microscope in Practical Medicine.
For Students and Practitioners,with Full Directions for Examining the
Various Secretions, etc., by the Microscope. 4th Ed. 500 Illus. ^6.50

BEALE, How to Work with the Microscope. A Complete
Manual of Microscopical Manipulation, containing a Full Description
of many New Processes of Investigation, with Directions for Examin-
ing Objects Under the Highest Powers, and for Taking Photographs
of Microscopic Objects. 5th Edition. 400 Illustrations, many of
them colored. $6.50

CARPENTER. The Microscope and Its Revelations. 7th
Edition. 800 Illustrations and many Lithographs. $5-So

LEE. The Microtomist's Vade Mecum. A Hand-Book of
Methods of Microscopical Anatomy. 887 Articles. 4th Edition,
Enlarged. Just Ready. $4.00

MACDONALD. Microscopical Examinations ofWater and Air.

25 Lithographic Plates, Reference Tables, etc. 2d Edition. ^2.50

REEVES. Medical Microscopy, including Chapters on Bacteri-
ology, Neoplasms, Urinary Examination, etc. Numerous Illus-

trations, some of which are printed in colors. $2.50

WETHERED. Medical Microscopy. A Guide to the Use of the

Microscope in Practical Medicine. 100 Illustrations. $2.00
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MISCELLANEOUS.
BLACK. Micro-Organisms. The Formation of Poisons. A

Biological Study of the Germ Theory of Disease, .75

BURNETT. Foods and Dietaries. A Manual of Clinical Diet-
etics. 2d Edition. $^-So

GOULD. Borderland Studies. Miscellaneous Addresses and
Essays. i2nio. ^2.00

GOWERS. The Dynamics of Life. .75

HAIG. Causation of Disease by Uric Acid, A Contribution to
the Pathology of High Arterial Tension, Headache, Epilepsy, Gout,
Rheumatism., Diabetes, Bright's Disease, etc. 3d Edition. $3.00

HARE. Mediastinal Disease. Illustrated by six Plates. ^2.00

HEMMETER. Diseases of the Stomach. Their Special Path-
ology, Diagnosis, and Treatment. With Sections on Anatomy, Diet-
etics, Surgery, etc. Ilhistrated. Just Ready. Clo. f6.oo; Sh.J7.o0

HENRY. A Practical Treatise on Anemia. Half Cloth, .50

LEFFMANN. The Coal-Tar Colors. With Special Reference to

their Injurious Qualities and the Restrictions of their Use. A Trans-
lation of Thhodorb Whtl's Monograph. Ji-25

MARSHALL. History of W^oman's Medical College of Penn-
sylvania. Just Ready, $1.50

NEW SYDENHAM SOCIETY'S PUBLICATIONS. Circulars

upon application. Per Annum, ;g8.oo

TREVES. Physical Education : Its Effects, Methods, Etc. .75

LIZARS. The Use and Abuse of Tobacco. .40

PARRISH. Alcoholic Inebriety from a Medical Standpoint,
with Cases. Ji.oo

ST. CLAIR. Medical Latin. ^i.oo

NERVOUS DISEASES.
BEEVOR, Diseases of the Nervous System and their Treat-
ment, In Press.

GORDINIER. The Gross and Minute Anatomy of the Cen-
tral Nervous System. With many original Illustrations.

Preparing.

GOV^ERS. Manual of Diseases of the Nervous System. A
Complete Text-Book. 2d Edition, Revised, Enlarged, and in many
parts Rewritten. With many new Illustrations. Two volumes.
Vol. I. Diseases of the Nerves and Spinal Cord. Clo, $3.00 ; Sh. $4.00
Vol. II. Diseases of the Brain and Cranial Nerves ; General and

Functional Disease. Cloth, $4.00; Sheep, ^5-0°

GOWERS. Syphilis and the Nervous System. $1.00

GOWERS. Diagnosis of Diseases of the Brain. 2d Edition.
Illustrated. $1.50

GOWERS. Clinical Lectures. A New Volume of Essays on the
Diagnosis, Treatment, etc., of Diseases of the Nervous System. $2.00

GOWERS. Epilepsy and Other Chronic Convulsive Diseases.
2d Edition. In Press

HORSLEY. The Brain and Spinal Cord. The Structure and
Functions of. Numerous Illustrations. f^-S^

OBERSTEINER. The Anatomy of the Central Nervous Or-
gans. A Guide to the Study of their Structure in Health and Dis-
ease. 198 Illustrations. $5-So
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ORMEROD. Diseases of the Nervous System. 66 Wood En-
gravings. $i.oo

OSLER. Cerebral Palsies of Children. A Clinical Study. ^2.00

OSLER. Chorea and Choreiform Affections. ^2.00

PRESTON. Hysteria and Certain Allied Conditions. Their
Nature and Treatment, Illustrated. Jn-st Ready. J2.00

WATSON. Concussions. An Experimental Study of Lesions Aris-
ing from Severe Concussions. Paper cover^ ^i.oo

WOOD. Brain W^ork and Overwork. .40

NURSING.
Special Catalogue of Books for Nurses sentfree upon application.

BROWN. Elementary Physiology for Nurses. .75

CANFlELp, Hygiene of the Sick-Room. A Book for Nurses and
Others, Being a Brief Consideration of Asepsis, Antisepsis, Disinfec-
tion, Bacteriology, Immunity, Heating and Ventilation, and Kindred
Subjects for the Use of Nurses and Other Intelligent Women. ^1.25

CULLINGWORTH. A Manual of Nursing, Medical and Sur-
gical. 3d Edition with Illustrations. .75

CULLINGWORTH. A Manual for Monthly Nurses. adEd. .40

CUFF, Lectures to Nurses on Medicine. 25 Illustrations. $1.00

DOMVILLE. Manual for Nurses and Others Engaged in At-
tending the Sick. 8th Edition. With Recipes for Sick-room Cook-
ery, etc. .75

FULLERTON, Obstetric Nursing. 40 Ills. 4th Ed. $i.oo

FULLERTON, Nursing in Abdominal Surgeiy and Diseases
of Women. Comprising the Regular Course of Instruction at the
Training-School of the 'm)men*s Hospital, Philadelphia. 2d Edition,

70 Illustrations. $i-50

HUMPHREY. A Manual for Nurses. Including General
Anatomy and Physiology, Management of the Sick-Room, etc. 15th
Edition. Illustrated. $1.00

SHAAVE. Notes for Visiting Nurses, and all those Interested
in the Working and Organization of District, Visiting, or
Parochial Nurse Societies. With an Appendix Explaining the
Organization and Working of Various Visiting and District Nurse So-
cieties, by Helen C. Jenks, of Philadelphia. Ji.oo

STARR. The Hygiene of the Nursery. Including the General
Regimen and Feeding of Infants and Children, and the Domestic Man-
agement of the Ordinary Emergencies of Early Life, Massage, etc. 6th
Edition. 25 Illustrations. Just Ready. ^i.oo

TEMPERATURE AND CLINICAL CHARTS. See page 6.

VOSWINKEL. Surgical Nursing, iii Illustrations. ^r.oo

*** Special Catalogue of Books on Nursingfree upon applicatum.

OBSTETRICS.
BAR. Antiseptic Midwifery. The Principles of Antiseptic Meth-
ods Applied to Obstetric Practice, Authorized Translation by
Henry D, Fry, m.d., with an Appendix by the Author. |i.oo



16 SUBJECT CATALOGUE.

CAZEAUX AND TARNIER. Midwifery. With Appendix by
MuNDft. The Theory and Practice of Obstetrics, including the Dis-
eases of Pregnancy and Parturition, Obstetrical Operations, etc.

8th Edition. Illustrated by Chromo-Lithographs, Lithographs, and
other full-page Plates, seven of which are beautifully colored, and
numerous Wood Engravings. Cloth, ^.50 ; Full Leather, $5.50

DAVIS. A Manual of Obstetrics. Being a Complete Manual for

Physicians and Students. 2d Edition. 16 Colored and other Plates
and 134 other Illustrations. $2.00

JELLETT. The Practice of Midwifery. Illustrated. ^1.75

LANDIS. Compend of Obstetrics. 5th Edition, Revised by Wm.
H. Wells, Assistant Demonstrator o( Clinical Obstetrics, Jefferson
Medical College. With many Illustrations, .80; Interleaved, $1.25.

SCHULTZE. Obstetrical Diagrams, Being a series of 20 Col-
ored Lithograph Charts, Imperial Map Size, of Pregnancy and Mid-
wifery, with accompanying explanatory (German) text illustrated

by Wood Cuts. 2d Revised Edition.
Price in Sheets, ^26.00 ; Mounted on Rollers, Muslin Backs, ^36.00

STRAHAN. Extra-Uterine Pregnancy. The Diagnosis and
Treatment of Extra-Uterine Pregnancy. .75

WINCKEL. Text-Bookof Obstetrics, Including the Pathol-
ogy and Therapeutics of the Puerperal State. Authorized
Translation by J. Clifton Edgar, a.m., m.d. With nearly 200 Illus-

trations. Cloth, ^5.00 ; Leather, $6.00

FULLERTON. Obstetric Nursing. 4th Ed. Illustrated. |i.oo

SHIBATA. Obstetrical Pocket-Phantom with Movable Child
and Pelvis. Letter Press and Illustrations. ji.oo

PATHOLOGY,
BARLOW. General Pathology. In Press.

BLACKBURN. Autopsies. A Manual of Autopsies Designed for
the Use ot Hospitals for the Insane and other Public Institutions.

Ten full-page Plates and other Illustrations. ^'-zs

BLODGETT. Dental Pathology. By Albert N. Blodgett,
M.D., late Professor of Pathology and Therapeutics, Boston Dental
College. 33 Illustrations. I1.25

COPLIN. Manual of Pathology. Including Bacteriology, Technic
of Post-Mortems. Methods of Pathologic Research, etc. 265 Illus-

trations, many of which are original. i2mo. Just Ready. JI3.00

GILLIAM. Pathology. A Hand-Book for Students. 47 Illus. .75

HALL. Compend of General Pathology and Morbid Anatomy,
gi very fine Illustrations. .80; Interleaved, J1.25

VIRCHOW. Post-Mortem Examinations. A Description and
Explanation of the Method of Performing Them in the Dead House
of the Berlin Charity Hospital, with Special Reference to Medico-
Legal Practice, 3d Edition, with Additions. .75

WHITACRE. Laboratory Text-Book of Pathology. With
121 Illustrations. Just Ready. St. 50

PHARMACY.
Special Catalogtu 0/ Books on Pharmacy sent free upon appOcation.

COBLENT2. Manual of Pharmacy. A New and Complete
Text-Book by the Professor in the New York College of Pharmacy.
2d Edition, Revised and Enlarged. 437 Illus. Cloth,|3.5o; Sh., $4 50



MEDICAL BOOKS. 17

BEASLEY. Book of 3x00 Prescriptions. Collected ft^om the
Practice of the Most Eminent Physicians and Surgeons—English,
French, and American. A Compendious History ot the Materia
Medica, Lists of the Doses of all the Officinal and Established Pre-
parations, an Index of Diseases and their Remedies. 7th Ed, $2.00

BEASLEY. Druggists* General Receipt Book. Comprising
a Copious Veterinary Formulary, Recipes in Patent and Proprietary
Medicines, Druggists' Nostrums, etc. ; Perfumery and Cosmetics,
Beverages, Dietetic Articles and Condiments, Trade Chemicals,
Scientific Processes, and an Appendix of Useful Tables. loth Edi-
tion, Revised. $2.00

BEASLEY. Pocket Formulary. A Synopsis of the British and
Foreign Pharmacopoeias. Comprising Standard and Approved
Formulae for the Preparations and Compounds Employed in Medical
Practice, nth Edition. ^2.00

PROCTOR. Practical Pharmacy. Lectures on Practical Phar-
macy. With Wood Engravings and 32 Lithographic Fac-simile
Prescriptions. 3d Edition, Revised, and with Elaborate Tables of

Chemical Solubilities, etc. $3-°o

ROBINSON. Latin Grammar of Pharmacy and Medicine.
ad Edition. With elaborate Vocabularies. ^175

SAYRE. Organic Materia Medica and Pharmacognosy. An
Introduction to the Study of the Vegetable Kingdom and the Vege-
table and Animal Drugs. Comprising the Botanical and Physical
Characteristics, Source, Constituents, and Pharmacopeial Prepar-
ations. With Chapters on Synthetic Organic Remedies, Insects
Injurious to Drugs, and Pharmacal Botany. A Glossary and 543
Illustrations, many of which are original. Cloth, $4.00; Sheep, $5.00

SCOVILLE. The Art of Compounding. Second Edition, Re-
vised and Enlarged. Just Ready. Cloth, J2.50; Sheep, ^3.50

STEWART, Compend of Pharmacy. Based upon " Reming-
ton's Text-Book of Pharmacy.'* 5th Edition, Revised in Accord-
ance with the U. S. Pharmacopceia, 1890. Complete Tables of
Metric and English Weights and Measures. .80; Interleaved, $1.25

UNITED STATES PHARMACOPCEIA. 1890. 7th Decennial
Revision. Cloth, $2.50 (postpaid, $2.77); Sheep, $3.00 (postpaid,

$3.27); Interleaved, 54-00 (postpaid, ^.50); Printed on one side ot

page only, unbound, $3.50 (postpaid, $3.90).

Select Tables from the U. S. P. (1890). Being Nine of the Most
Important and Useful Tables, Printed on Separate Sheets. Care-
fully put up in patent envelope. .25

POTTER. Hand-Book of Materia Medica, Pharmacy, and
Therapeutics. 600 Prescriptions and Formulae. 6th Edition.

Cloth, ^4.50; Sheep, Js. 50

*** Special Catalogue of Books on Pkartnacy free upon application.

PHYSICAL DIAGNOSIS.
FENWICK. Medical Diagnosis. 3ch Edition. Rewritten and
very muctl Enlarged. 135 Illustrations. Clolh^ ^2.50

TYSON. Hand-Book of Physical Diagnosis. For Students and
Physicians. By the Professor of Clinical Medicine in the University
of Pennsylvania. lUus. 3d £d., Improved and Enlarged. In Press.

MBMMINQER. Diagnosis by the Urine. 23 lUus. fi.oo

2
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PHYSIOLOGY.
BRUBAKER. Compend of Physiology. 8th Edition, Revised
and Enlarged. Illustrated. .80; Interleaved, $1.25

KIRKE. Physiology. (14th Authorized Edition. Dark-Red Cloth.)
A Hand-Book of Physiology. 14th Edition, Revised and Enlarged.
By Prof. W. D Hai-liburton, of Kings College, London. 661
Illustrations, sotne of which are printed in colors.

Cloth, $3.00; Leather, $3.25

LANDOIS. A Text-Book of Human Physiology, Including
Histology and Microscopical Anatomy, with Special Reference to

the Requirements of Practical Medicine. 5th American, translated
from the 9th German Edition, with Additions by Wm. Stirling,
M.D.,D.sc. 845 lUus., many of which are printed in colors. In Press.

STARLING. Elements of Human Physiology. 100 Ills, ^i.oo

STIRLING. Outlines of Practical Physiology. Including
Chemical and Experimental Physiology, with Special Reference to

Practical Medicine. 3d Edition. 289 Illustrations. ^2.00

TYSON. Cell Doctrine. Its History and Present State. $1.50

YEO. Manual of Physiology. A Text-Book for Students o(
Medicine. By Gerald F. Yeo, m.d., f.r.c.s. 6th Edition. 254
Illustrations and a Glossary. Cloth, $2.50 ; Leather, J3.00

PRACTICE,
BEALE. On Slight Ailments; their Nature and Treatment.
2d Edition, Enlarged and Illustrated. ^1.25

CHARTERIS. Practice of Medicine. 6th Edition. |2.oo

FOWLER. Dictionary of Practical Medicine. By various
writers. An Encyclopaedia of Medicine. CIo.,j3.oo; Half Mor. ^4.00

HUGHES. Compend of the Practice of Medicine. 5th Edition,
Revised and Enlarged.

Part I. Continued, Eruptive, and Periodical Fevers, Diseases of the
Stomach, Intestines, Peritoneum, Biliary Passages, Liver, Kid-
neys, etc., and General Diseases, etc.

Part II. Diseases of the Respiratory System, Circulatory System,
and Nervous System; Diseases of the Blood, etc.

Price of each part, .80 ; Interleaved, $1.25

Physician's Edition. In one volume, including the above two
parts, a Section on Skin Diseases, and an Index. 5th Revised,
Enlarged Edition. 568 pp. Full Morocco, Gilt Edge, J2.25

ROBERTS. The Theory and Practice of Medicine. The
Sections on Treatment are especially exhaustive. 9th Edition,
with Illustrations. Cloth, $4.50; Leather, ^5.50

TAYLOR. Practice of Medicine. Cloth, $2.00 ; Sheep, $2.50

TYSON. The Practice of Medicine. By James Tyson, m.d.,
Professor of Clinical Medicine in the University of Pennsylvania.
A Complete Systematic Text-book with Special Reference to Diag-
nosis and Treatment. Illustrated. 8vo.

Cloth, f5.50 ; Leather, ^6.50 ; Half Russia, ^7.50

PRESCRIPTION BOOKS.
BEASLEY. Book of 3100 Prescriptions. Collected from the

Practice of the Most Eminent Physicians and Surgeons—English,
French, and American. A Compendious History of the Materia,
Medica, Lists of the Doses of all Officinal and Established Prepara-
tions, and an Index of Diseases and their Remedies. 7th Ed. $2.00
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BEASLEY. Druggists' General Receipt Book. Comprising
a Copious Veterinary Formulary, Recipes in Patent and Proprie-
tary Medicines, Druggists' Nostrums, etc. ; Perfumery and Cos-
metics, Beverages, Dietetic Articles and Condiments, Trade Chem-
icals, Scientific Processes, and an Appendix of Useful Tables,
loth Edition, Revised. ^2.00

BEASLEY. Pocket Formulary. A Synopsis of the British and
Foreign Pharmacopoeias. Comprising Standard Formulse for the
various Preparations and Compounds, nth Edition. Cloth, $2.00

PEREIRA. Prescription Book. Containing Lists of Phrases
and Abbreviations Used in Prescriptions, Grammatical Construction
of Prescriptions, etc. i6th Edition. Cloth, .75 ; Tucks, ^i.oo

WYTHE. Dose and Symptom Book. Containing the Doses and
Uses of all the Principal Articles of the Materia Medica. 17th Ed.

Cloth, .75 ; Leather, with Tucks and Pocket, ^1.00

SKIN.
BULKLEY. The Skin in Health and Disease. Illustrated. .40

CROCKER. Diseases of the Skin. Their Description, Pathol-
ogy, Diagnosis, and Treatment, with Special Reference to the Skin
Eruptions of Children. 92 Illus. 2d Edition. Cloth,^4.5o; Sh., J5.50

IMPEY. Leprosy. 37 Plates. 8vo. I3.50
SCHAMBERG. Diseases of the Skin. Illustrated. Being No.

16 ? Quiz-Compend ? Series. Cloth, .80 ; Interleaved, ^1.25

VAN HARLINGEN. On Skin Diseases. A Practical Manual
of Diagnosis and Treatment, with special reference to Differential

Diagnosis. 3d Edition, Revised and Enlarged. With Formulae
and 60 Illustrations, some of which are printed in colors. {2.75

SURGERY AND SURGICAL DIS-
EASES.

CAIRD AND CATHCART. Surgical Hand-Book. 5th Edition,
Revised. 188 Illustrations. Full Red Morocco, $2.50

DEAVER. Appendicitis, Its Symptoms, Diagnosis, Pathol-
ogy, Treatment, and Complications. Elaborately Illustrated

wiih Colored Plates and other Illustrations. Cloth, $3.50

DEAVER. Surgical Anatomy. With 200 Illustrations, Drawn by a
Special Artist from Directions made for the Purpose. In Preparation.

DULLES. What to Do First in Accidents and Poisoning.
5th Edition. New Illustrations. #1,00

HACKER, Antiseptic Treatment of Wounds, According to

the Method in Use at Professor Billroth's Clinic, Vienna. .50

HAMILTON. Lectures on Tumors, from a Clinical Stand-
point. Third Edition, Revised, with New Illustrations. In Press.

HEATH. Minor Surgery and Bandaging. loth Ed., Revised
and Enlarged. 158 Illustrations, 62 Formulae, Diet List, etc. $1.25

HEATH. Injuries and Diseases of the Jaws. 4th Edition.

187 Illustrations. ^4-5o

HEATH. Lectures on Certain Diseases of the Jaws. 64 Illus-

trations. Boards, .50

HORWITZ. Compend of Surgery and Bandaging, including

Minor Surgery, Amputations, Fractures, Dislocations, Surgical Dis-
eases, and the Latest Antiseptic Rules, etc., with Differential Diagno-
sis and Treatment. 5th Edition, very much Enlarged and Rear-
ranged. 167 Illustrations, 98 Formulae. Clo., .80; Interleaved, f1.35
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JACOBSON. Operations of Surgeiy. Over 200 Illustrations.

Cloth, 53.00; Leather, ^.00
JACOBSON. Diseases of the Male Organs of Generation.

8S Illustrations. $6.00

MACREADY. A Treatise on Ruptures. 24 Full-page Litho-
graphed Plates and Numerous Wood Engravings. Cloth, $6.00

MAYLARD. Surgery of the Alimentary Canal. 134 lllus. ^7.50

MOULLIN. Text-Book of Surgery. With Special Reference to
Treatment. 3d American Edition. Revised and edited by John B.
Hamilton, m.d., ll.d.. Professor of the Principles of Surgery and
Clinical Surgery, Rush Medical College, Chicago. 623 Illustrations,

over 200 of which are original, and many of which are printed in

colors. Handsome Cloth, ^6.00; Leather, ^7.00
" The aim to make this valuable treatise practical by giving special

attention to questions of treatment has been admirably carried out.

Many a reader will consult the work with a feeling of satisfaction that
his wants have been understood, and that they have been intelligently

met."

—

The AmericanJournal of Medical Science^

ROBERTS. Fractures of the Radius. A Clinical and Patho-
logical Study. 33 Illustrations. $i.co

SMITH, Abdominal Surgery. Being a Systematic Description ot
all the Principal Operations. 224 lUus. 6th Ed. 2 Vols. Clo., $10.00

SWAIN. Surgical Emergencies. Fifth Edition. Cloth, Ji. 75

VOSWINKEL. Surgical Nursing, iii Illustrations. $1.00

WALSHAM. Manual of Practical Surgery. 5th Ed., Re-
vised and Enlarged. With 380 Engravings. Cio., ^.00; Lea., J2.50

WATSON. On Amputations of the Extremities and Their
Complications. 250 Illustrations. $S-S°

THROAT AND NOSE (see also Ear).

COHEN. The Throat and Voice. Illustrated. .40

HALL. Diseases of the Nose and Throat. Two Colored
Plates and 59 Illustrations. J2.50

HUTCHINSON. The Nose and Throat. Including the Nose,
Naso-Pharynx, Pharynx, and Larynx. Illustrated by Lithograph
Plates and 40 other Illustrations. 2d Edition. In Press.

MACKENZIE. The Pharmacopoeia of the London Hospital
for Diseases of the Throat. 5th Edition, Revised by Dr. F.
G. Harvey. Ji.oo

McBRIDE. Diseases of the Throatj Nose, and Ear. A Clinical
Manual. With colored Illus. from original drawings. 2d Ed. $6.00

POTTER. Speech and its Defects. Considered Physiologically,
Pathologically, and Remedially. Ji.oo

WOAKES. Post-Nasal Catarrh and Diseases of the Nose
Causing Deafness. 26 Illustrations. $1.00

URINE AND URINARY ORGANS.
ACTON. The Functions and Disorders of the Reproductive
Organs in Childhood, Youth, Adult Aee, and Advanced Life,
Considered in their Physiological, Social, and Moral Relations.
8th Edition. |i-75

ALLEN. Albuminous and Diabetic Urine. Illus. $3.25
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BROCKBANK. Gallstones. $2.25

BEALE. One Hundred Urinary Deposits. On eight sheets^
for the Hospital, Laboratory, or Surgery. Paper, $2.00

HOLLAND. The Urine, the Gastric Contents, the Common
Poisons, and the Milk. Memoranda, Chemical and Microscopi-
cal, for Laboratory Use. Illustrated and Interleaved. 5th Ed. ^i.oo

MEMMINGER. Diagnosis by the Urine. 23 lUus. $1.00

MOULLIN. Enlargement of the Prostate. Its Treatment and
Radical Cure. Illustrated. $^-5°

THOMPSON. Diseases of the Urinary Organs. 8th Ed. $3.00

TYSON. Guide to Examination of the Urine. For the Use of

Physicians and Students. With Colored Plate and Numerous Illus-

trations engraved on wood. 9th Edition, Revised. $^-^5

VAN NUYS. Chemical Analysis of Healthy and Diseased
Urine, Qualitative and Quantitative. 39 Illustrations. $1.00

VENEREAL DISEASES.
COOPER. Syphilis, zd Edition, Enlarged and Illustrated with

20 full-page Plates. t5'Oo

GOWERS. Syphilis and the Nervous System. i.oo

JACOBSON. Diseases of the Male Organs of Generation. 88

Illustrations. ^6.00

VETERINARY.
ARMATAGE. The Veterinarian's Pocket Remembrancer.
Being Concise Directions for the Treatment of Urgent or Rare Cases,
Embracing Semeiology, Diagnosis, Prognosis, Surgery, Treatment,
etc. 2d Edition. Boards, Ji.oo

BALLOU. Veterinary Anatomy and Physiology. 29 Graphic
Illustrations. .80 ; Interleaved, $1.25

TUSON. Veterinary Pharmacopoeia. Including the Outlines of

Materia Medica and Therapeutics. 5th Edition. ^2.25

WOMEN, DISEASES OF.
BYFORD (H. T.). Manual of Gynecology. Second Edition,

Revised and Enlarged by 100 pages. With 341 Illustrations, many
of which are from original drawings. Jusi Ready. ^3 00

BYFORD {W. H.). Diseases of Women. 4th Edition, 306
Illustrations. Cloth, ^2.00

DOHRSSEN. a Manual of Gynecological Practice. 105

Illustrations. $1.50

LEWERS. Diseases of Women. 146 Illus. 5th Ed. In Press.

WELLS. Compend of Gynecology. Illus. .80; Interleaved, Ji.25

WINCKEL, Diseases of Women. Translated by special authority

of Author, under the Supervision of, and with an Introduction by,

Theophilus Parvin, m.d. 152 Engravings on Wood. 3d Edition,

Revised. In Preparation.

PULLERTON. Nursinc in Abdominal Surgery and Diseases
of Women, ad Edition. 70 Illustrations. ^x-5«
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COMPENDS.
From The Southern Cllnie,
" We know of no series of books issued by any house that so fully

meets our approval as these ?Quiz-CompendsT. They are well ar-

ranged, full, and concise, and are really the best line of text-books that

could be found for either student or practitioner."

BLAKISTON^S PQUIZ-COMPENDS?
The Best Series of Manuals for the Use of Students.

Price of each, Cloth, .80. Interleaved, for taking Notes, $1.26.

4®* These Compends are based on the most popular text-books
and the lectures of prominent professors, and are kept constantly re-

vised, so that they may thoroughly represent the present state of the

subjects upon which they treat.

>8®~ The authors have had large experience as Quiz-Masters and
attaches of colleges, and are well acquainted with the wants ofstudents.

4®* They are arranged in the most approved ;form, thorough and
concise, containing over 6oo fine illustrations, inserted wherever they
could be used to advantage.

M^ Can be used by students ot any college.

J8®* They contain information nowhere else collected in such a
condensed, practical shape. Illustrated Circular free.

No. I. POTTER. HUMAN ANATOMY. Fifth Revised and
Enlarged Edition. Including Visceral Anatomy. Can be used
with either Morris's or Gray's Anatomy. 117 Illustrations and 16
Lithographic Plates of Nerves and Arteries, with Explanatory
.Tables, etc. By Samuel O. L. Potter, m.d.. Professor of the
Practice of Medicine, Cooper Medical College, San Francisco ; late

A. A. Surgeon, U. S. Army.

No. 2. HUGHES. PRACTICE OP MEDICINE. Part I. Fifth
Edition, Enlarged and Improved. By Daniel E. Hughes, m.d..
Physician-in-Chief, Philadelphia Hospital, late Demonstrator ot

Clinical Medicine, Jefferson Medical College, Phiia.

No. 3. HUGHES. PRACTICE OF MEDICINE. Part II.

Fifth Edition, Revised and Improved. Same author as No. z.

No. 4. BRUBAKER. PHYSIOLOGY. Eighth Edition, with
new Illustrations and a table of Physiological Constants. Enlarged
and Revised. By A. P. Brubaker, m.d., Professor of Physiology
and General Pathology in the Pennsylvania College of Dental
Surgery ; Demonstrator of Physiology, Jefferson Medical College,
Philadelphia.

N0.5. LANDIS. OBSTETRICS. Fifth Edition. By Henry G.
Landis, m.d. Revised and Edited by Wm. H. Wells, m.d..
Assistant Demonstrator of Obstetrics, Jefferson Medical College,
Philadelphia. Enlarged. 47 Illustrations.

No. 6, POTTER. MATERIA MEDICA, THERAPEUTICS,
AND PRESCRIPTION WRITING. Sixth Revised Edition
(U. S. P. 1890). By Samuel O. L. Potter, m.d.. Professor of

Practice, Cooper Medical College, San Francisco ; late A. A. Sur-
geon, U. S. Army.
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PQUIZ-COMPENDS '—Continued.

No. 7. WELLS. GYNECOLOGY. A New Book. By Wm.
H. Wells, m.d., Assistant Demonstrator of Obstetrics, JeflFersoD
College, Philadelphia. 150 Illustrations.

No. 8. GOULD AND PYLE. DISEASES OF THE EYE
AND REFRACTION. A New Book. Including Treatment
and Surgery, and a Section on Local Therapeutics. By George
M, Gould, m.d., and W. L. Pyle, m.d. With Formulae, Glossary,
Tables, and 111 Illustrations, several of which are Colored.

No. 9. HORWITZ. SURGERY, Minor Surgery, and Bandag-
ing. Fifth Edition, Enlarged and Improved. By Orvillb
HoRwiTz, B. s-, M.D., Clinical Professor ofGenito-Urinary Surgery
and Venereal Diseases in Jefferson Medical College ; Surgeon to

Philadelphia Hospital, etc. With 98 Formulae and 71 Illustrations.

No. ID. LEFFMANN. MEDICAL CHEMISTRY. Fourth
Edition. Including Urinalysis, Animal Chemistry, Chemistry of
Milk, Blood, Tissues, the Secretions, etc. By Henry Leffmann,
M.D., Professor of Chemistry in Pennsylvania College of Dental
Surgery and in the Woman's Medical College, Philadelphia.

No. II. STEWART. PHARMACY. Fifth Edition. Based upon
Prof, Remington's Text-Book of Pharmacy. By F. E. Stewart,
M.D., PH. G., late Quiz-Master in Pharmacy and Chemistry, Phila-
delphia College of Pharmacy ; Lecturer at Jefferson Medical
College. Carefully revised in accordance with the new U. S. P.

No. 13. BALLOU. VETERINARY ANATOMY AND PHY-
SIOLOGY. Illustrated. By Wm. R. Ballou, m.d.. Professor
of Equine Anatomy at New York College of Veterinary Surgeons ;

Physician to Bellevue Dispensary, etc. 29 graphic Illustrations.

No. 13. WARREN. DENTAL PATHOLOGY AND DEN-
TAL MEDICINE. Third Edition, Illustrated. Containing
a Section on Emergencies. By Geo. W. Warren, d.d.s.. Chief
of Clinical Staff, Pennsylvania College of Dental Surgery.

No. 14. HATFIELD. DISEASES OF CHILDREN. Second
Eaition. Colored Plate. By Marcus P. Hatfihld, Profes-
sor of Diseases of Children, Chicago Medical College.

No. 15. HALL. GENERAL PATHOLOGY AND MORBID
ANATOMY, gi Illustrations. By H. Newberry Hall, ph.g.,
m.d., late Professor of Pathology, Chicago Post-Graduate Medi-
cal School,

No. 16. DISEASES OF THE SKIN. By Jay T. Schamberg,
m.d., Instructor in Skin Diseases, Philadelphia Polyclinic. lUus.

Price, each, Cloth, .80. Interleaved, for taking Notes, $1,2B.

In preparing, revising, and improving Blakiston's TQuiz-Com-
PENDS ? the particular wants of the student have always been kept in

mind.
Careful attention has been given to the construction of each sentence,

and while the books will be found to contain an immense amount of

knowledge in small space, they will likewise be found easy reading ;

there is no stilted repetition of words ; the style is clear, lucid, and dis-

tinct. The arrangement of subjects is systematic and thorough ; there

Is a reason for every word. They contain over 600 illustrations.



Tyson's
Practice of

Medicine. With Many
Illustrations.

Text-Book of the Practice of Medi-
cine. With Special Reference to Diagnosis

and Treatment. By James Tyson, m. d.,

rrofessor of Clinical Medicine in the Univer-

sity of Pennsylvania; Physician to the Hos-

pital of the University and to the Philadelphia

Hospital ; Fellow of the College of Physicians

of Philadelphia, etc.

With Many Useful Illustrations.

Octavo. 1180 Pages.

Cloth, $5.50; Sheep, $6.50; Half Russia, $7.50.

Extracts from a Review in the American Journal of
Medical Sciences, March, 1897;

" Externally it is the largest and handsomest single volume
on the practice of medicine."
" Clinical features are usually described in a masterly way."
"The directions (for treatment) are full and clear, and as

a rule, eminently judicious and conservative."
" Dr. Tyson's style is already so well known in medical

literature that it is only necessary to say the present work is

one of the best examples."
"We welcome Dr. Tyson's Practice as a most valuable

addition to medical literature."

Descriptive circular and sample pages upon application.










